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XI. Of the Influence of Cold on the Health of the Inhabitants of 'Lthtol on. 

By Wm. Heberden, Jun ., M. D.y F. R.S. p. 279. 

The extraordinary mildness of last Jan. (1/96) compared With die unusual seve- 
rity of the Jan. preceding, affords a peculiarly favourable opportunity of observing 
the effect of each of these seasons contrasted with each other.' For oL these 2 
successive winters, one has been the coldest, and the other the warmest, Of which 
any regular account has ever been kept in this country. Nor is this by any means 
an idle speculation, or matter of mere curiosity; for one of the first steps towards 
preserving the health of our fellow-creatures, is to point out the sources from which 
diseases are to be apprehended. And what may make the present inquiry more par- 
ticularly useful, is that the result, as I hope clearly 1 to- make appear by. the . fol- 
lowing statements, is entirely contrary to the prejudices usually entertained on this 
subject. During last Jan. nothing was more common than to hear expressions of 
the unseasonableness of the weather; and fears lest the want, of the usual degree 
of cold, should be productive of putrid diseases, and I know not what other causes 
• of mortality. On the other ttand, “ !a bracing cold,” and “ a clear frost,” .are fa- 
miliar in the moiith of every Englishman ; and what he is taught to widi for, as 
among the greatest promo^rs of health and vigour. 

Whatever deference be due to received opinions, it appears tp me however from 
the strongest evidence, that the prejudices of the world are on-this point- at least 
unfounded. The average degrees of heat on Fahrenheit’s thermometer kept m 
London during the month ’of Jjan. 1795, was 23° in thje wpming, and 2Q?.4 i in the 
aftei-hoon. The average in Jan. 1796, was 43%5‘ih the morning, and Scf.l 'in the 
afternoon. A difference of above 20 degrees ! And if we tumipur attention from 
the comparative coldness of these months, to the corresponding healthiness of 
each, collected from the weekly bills of mortality, we shall find the result tlo less 
remarkable. For in ; 5 weeks between the 31st of Dec. 1794 and the 3d of fleb. 
I79S, the whole, number qfbn.rials amounted to 2823; and in an equal pqriod.pf 
5 weeks between the 30th of Dec. 1795 and the 2d of Feb. 1796, to 147 1. So 
vol. xvm. B 
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that the excess of the mortality in Jan. 1795 above that of Jan. 1796 , was not less 
than of 1352 persons. A number sufifkafeftit surely to awaken the attention of the 
most prejudiced admirers, of a frosty winter. And though I have only stated the evi- 
dence of "2 yeafs, the's&rtre'conthisioti rtiay universally be drawn; as I have learned 
from a careful examination of the weekly bills of mortality for many years. These 
2 seasons were chosen Us being each of them very remarkable, and in immediate 
succession one to tbe other, ih every body’s ifecoHecfkm. 

It may not be impertinent to the objects of this Society, without entering toe 
much into the province of medicine, “to consider a little more particularly the several 
ways in which this effect may be supposed to be produced; and to point out some 
of the principal injuries which people. ' rh, 4mble to sustain in their health front 
a severe frost. And one of the first things that must strike every mind engaged 
iti iinvWBtigatiton, %vits ■uffdot in dW people. It is curious to observe among 
those who are sittLin the (bitts tt> die dstove ^0 yearn -of age, how wegularly the tide 
of ancMaiity faltowR -the -influence of -this, jnsvailipg cause: so that a person used 
to «aeh : sn<|iiina% «qy form no^oon tenptihlej udgmmt of the severity of any of our 
win!# ihonths, raefety by attending to this circumstance. Thus their number last 
daft. wd& net -much «bove'± of «4ut it bad been mtkeaame month tbe year be- 
ta re. Tbe artiste of -asthma, as mtghftjbe expected, as jtfodjgjously increased, and 
perhaps includes no lintonsiderable pert of the mortality of the qged. After these 
do We apoplexies and fialeiea, fevers., consumptions, and dropsies. Under the 2 
last of whieh -ait oeutained a lwfgc^rqpoetton of the chronical diseases of this 
tiMkntty ; -dll which sefcm to be .bmriflRua tea premature termination. The whole 
avitl moSt readily be 4bo n at one view. in ‘the following table. 



Week , 
ending. 

Atantam. t 

[Whole N® 
of deiffi*- 



Apoplexy 
and 'palsy 1 . 

tEctw. 

Consump- 
tion. ' 

Drop^r. 



-Morn. iNoou. 

- ' ^ 1 

j 



1 

1 111 1 la 1 * ■ ‘t 



p *6 Jan. 

?5° 29° 

254 j 

31 S 

n ■ 

4 

20 

n 

7 

> 


*6 S3 • 

#s* 1 

130 f 

06 1 

AS 

49 < 

85 % 

80 


20 Jan. 

24 30 

637 , 

145 ‘ 

58 

11 1 

81 . 

164 

37 

179 H 

27 Jan. 

19 27 

543 » 

143 

64 

11 

42 J 

m 

n 


urn.- 

25 vr 1 

867 > 

A 


>95 > 

is i 

■M j 

sts : 

45 

mm 

warn 

23 29 .4 

*00 

<1 

co 

717 ; 

249 

52 

258 * 

1 ' 

TVS 

MS 


W #*" 

— 

35 f ' 

5 I 

7 

3^4 ! 

79 ' 

13 

t 


«1 <4 9 ! 

073 ^ 

XT \ 

1 4 

• 15 - ' 

85 : 

58 . 1 

X 9 

• 

1 


AS .53 

303 ; 

29 

[ -3 

4 

29 

77 , 

11 

1796. < 

26 Jan. 

¥7 52 

257 * 

20 

7 ‘ 

9 

23 

*7 1 

11 


b'Pib. 

‘<#1 -49 

323 

W » 

•6 1 

| 6 ■ 

‘28 i 

A6 ( 

d 6 

• 

Result 

43.5 -50.1 

1471 

' 153 ! 

1 29 1 

31 

134 

352 

70 


Notwithstanding (he plague, the 'remittent fever, the dysentery, andtheaourvy,. 
t&vC'Bo decreased, that 'their veiynametsahnest unknown in London; yet .there 
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has, I know not how, arisen a pr^ndto concerning putrid diteases, whlGhaaeroS tu 
have made people more and more apprehensive of them, as -the danger his been 
getting less. It most in great Measure be attributed to this, that the consumption 
of Peruvian bark-in this country has, within the last 50 years, increased front 14,QpO 
to above 100,000 lb. annually. And the. same cause has pnabeWyooniributed, 
from a mistaken mode of reaming, to prepossess people* with the idea of the 
wholesomeness of a hard frost. . But it has in another piece*, been very dblydt- 
monstrated, that a long frost ir eventually productive of the worst putrid feyem 
that are at tbistiioe known ia» London ; and tfaat heat does, ip; fret, prove a real pre- 
ventive against that disease. And though , thit m«jr bo said to be a veryremote 
effect of the cold, it is not therefore the less real in its infl uence op the mortality 
of London. Accordingly a ootnparisoo. ©f the numbers in the foncgoieg table w&fr 
show that very needy twice as many persons dud of fevers in Jan, U706, a* did in 
the correspo n d ing month of this year. I might: go on to observe that the tme 
aqurvy was last year generated ict the metropolis' from the same causes extended to: 
an unusual length. Bat these are by no means the only ways,, nor indeed d* 
they seem to be the principal ways^ in which a frOst operates feithe destruction of 
great numbers of people. The poor, asthey are worse prelected from the wear 
ther, so are they of course the gr e ates t sufferer* by its inclemency, But every 
physician in London, and every apothecary, can add his testimony* that their bnffe» 
ness among all ranks of people never fails to increase, and to decrease, with the 
frost. For if there be anywhere lungs ace tender* any whose constitution has 
been impaired: either by age, or by intemperance* or by disease; he will be v.ery, 
liable to hsveaU his com plaints increased, sod all Ms infirmities aggravated by such 
a season. Nor must the young and active flunk themsefoes quite secure* or fancy, 
their health will be oonfirroed by imprudently exposing themselves. The stoutest 
man may meet with impediments to his recovery from accidents otherwise incon- 
siderable; or may contract inflammations, or coughs, and lay the foundation of the 
severest ills. In a country where the prevailing oompiaiuts among all orders of 
people see colds, oongha, consumptions, sad rheumatisms, no prudent man can . 
surely suppose that uu ne oes m iyeKpoauoe to an inclement sky; that priding one-self 
on going withoutany additional clothing hi the swmat winter;, that inuring one- 
self to be hardy, at a time that demands our cherishing the firmest constitution 
lest it suffer; that braving the winds, and challenging the rudest efforts of the 
season, can ever he generally useful ta Eogiisbtnco. But if generally, and on the- 
whole, it be inexpedient, then ought every one for himself to take care that he be 
not the sufferer. For many doctrines very importantly erroneous; many remedies 
either vain, or esen notions, are daily iinpoaed qn the world for want of attention 
to this great truth; that it is from general effects only, and those fonndwl on ex- 
tensive experience, that any maxim, to which each individual may with confidence 
defer, can possibly be established. 

• Ob*er*wion* cn the, JjfcLFfevar, by Dr. Hunter. Atp4- Jn n* toU 3.— Ong, 
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JQIf..' c An Ariaiysiz.rofiiheiGaiynthiimMQlybdute iEead;, wilh\ Experiments on- 
•? the tAfolybdic Add. en To which arts added jotne , Experiments and 1 Observations on 
* thy lideomjrodlilmitof (he S&lpM(e ‘ <qf A/nme*##.' ■ By i Charles ffatehett , Esq,. 
« :p^28#uoi; rocKmui ^v/;/ »» n .vti df‘: >.• . ,?m 1 ■(■i-ii-ji--, . . i 

■ fy'l . The>c$lebeatefl Soheele,dn 1778, read, before/the Acad, of Sc. at Stockhclm* 
am festeyf in whfchlhe' proved, bjwa (series of experiments, that the mineral called- 
Mblybdsena was obmjxised of sulphuiv and a peculiar metallic Substance, which, like 
arsenic and' tuhgateni - Was liable by s^jer-oxygenatiorfito be cbnverted ihto a inert 
tallit beid, which uvits properties idifftrdd from <tver)l other that hadjbeeln previously 
discovered *. : The^x^erimentsof MlPelletier M r. Islmann f, and Mr. Hielm.^y 
corifitmafl the discovery! of the Swedishchenirist.; ibuh the existence of this metallic 
&bstaric6 waspidy'knbwn to be 1 in that mineral whioh Schede had examined, 1 as. 
no vestige. of> it! had lasryetbeen. decohered, in other bodies appertaining to the mi- : 
nenflkingdofn. - Me. Jacquin;. in .Lfftl and 178^ gave to the public an account* 
froih the Abb6Wnlfen, of h yellow- sparry lead dre^ found at Villadi’in Carinthia||; 
and the Abb€ Wulfen himself, in an elaborate work, written in the German lan- 
guage,* and published m 1785, also described the. above-mentioned lead ore, toge- 
therewith some experiments which : had been . mope on. it Nothing satisfactory- 
howevei* relative teP its nature was exposed in these memoirs ; and though the sub- 
sfaftcewas ihdiSputibly proved to be an ore of lead, yet the mineralizing principle 
Of! it remained Unknown.*- u o* ., . -r . 

' In ' 17 QO, Mr. Heyer, of Brunswick, -made 6ome -experiments on this ore; from, 
which he- inferred that it was composed of lead, combined with the tuiigstic acid**;, 
and in. the same year 'Mr. Klaproth oommunicated a similar aceount, which he had: 
received 'from Mr. Sajzwedel, of Frankfort sur Mayne -f-f. Thi6 substance was. 
therefore universally believed to be a tungstate of lead, till that excellent chemist. 
Mr: Klaproth undertook to subject it to a further examination ; and as the experi- 
ments which I have made may be regarded as a. continuation of those made by Mr.- 
Klaproth, I think -it necessary here to mention them. - . 

Mr. Klaproth - says, that by previous experiments he had found, that nitric acid 
much diluted did not attack the ore when cold ; and therefore to separate it fronv 
the soluble matrix, he successively poured small quantities of the diluted acid. on. 
the ore till all effervescence had ceased, after which the ore was washed and dried. 
The nitric acid which had been employed was found to contain calcareous earth, 
and also a considerable quantity of red oxyde of iron, which on being dissolved in. 

•* Scheele'* Essays, transl. by Dr. Beddoes, p. ,227. t Journ. de Phys. Dec. 1785. 

t Cheiu. Ann. von Crt-ll, 1787, et Jcfum. de Phys. Oct. 1788. § Joum. de Phys. Mai, 1789* 1 

• || Nic. Jos. Jacquin Misc. Aus.r. tom. 2, p. 139; et N. J. Jacquin Collect, tom. l,p. 3v : - Thw pre 
is alio described in Xithophyl. Bornianum, tom. 1, p. 90; et tonfi p. 123.- — Karstes in Mus, Lesk,. 

torn. 2, p. 501. —Werner s Verziech. Band, 1, p. 128. — Baab's Catal. tome 2, p. 379-— Rome del'Isle 
Cristal. icmu 3, p. 3S7. — WiLcmnann's Handb. der Mineralogie, p. S64. 

q| Xavier WulfLns Abhand. votu Karnthncrischen Bleyspatev Wien, 1785. *' • ’ 

** Cnem. Ann. yon Crcll, 1790, p. 58. • tt Ibid. 1790, p. 297.— Grig; • ■ 
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sulphuric acid, left a residuum: of lead and siliceous, earth*. Two drs. of the 
purified ore were mixed with arr equal quantity . of pot-ash, and afterwards exposed 
tfe< the fire in a crucible: The mixture melted without intumescence. When cold, 
the mass was of a reddish colour, and the surface was covered with small scales.; 
Water was poured on it, and the solution was saturated with nitric acid. The, 
hext day, the bottom of the glass was found covered with projecting crystals, about, 
i- of an inch in ‘length : these crystals were formed of small glittering rhomboi-, 
dal 1 plates, heaped one on the other. Their flavour was rather metallic. They 
quickly tnelted with the blow-pipe, on charcoal, without any increase of b ulk, and 
became small round drops, which were immediately absorbed by the charcoal. 
When melted by the blow-pipe in a silver spoon, they appeared as small grains. 
Of a greyish colour, whioh became streaked in cooling, and deposited a white pow-. 
der during the operation. * 

When the phosphate of ammonia and soda was melted,; and some of these 
crystals were added, they speedily dissolved, and communicated tp the salt a green 
colour, -more or less deep according to the quantity employed. They completely 
dissolved in distilled water, when heated. Prussiate of pot-ash with this solution 
produced a reddish-brown precipitate, not very dayk. When some drops of muri- 
atic acid were mixed with the solution of these crystals in water, and a small piece 
of tin was added, the liquor became of a deep blue. . The. solution of muriat of. 
tin poured on the crystals produced the same effect.' . ■ 

■ Mr. Klaproth from these experiments concludes, that the crystals are the aci-> 
dulous molybdate Of pot-ash, especially as the crystals obtained from the filtrated, 
solution of the molybdeena. of Altenberg, detonated with nitre, and saturated, with 
nitric acid, have the same properties. As in, the above experipjient the ore did. 
not appear to have been completely decomposed, Mr. Klaproth jnjxed 2 drs, of the. 
purified ore with 10 of carbonate of pot-ash; melted the whole in a crucible," aud, 
reduced it to powder, and dissolved it : in water. The solution was filtrated, pqr-. 
tially saturated with muriatic acid, and heated. A white precipitate fell, Tesejnblijjg 
ctirdled milk, which consisted of molybdic. add, and a still larger quantity - of 
Oxyde of lead. When dissolved in muriatic. acid; the lead was precipitated the 
state of muriate of lead. This precipitate being separate^ by a filter from the, 
alkaline solution partially saturated with muriatic acid, the solution was then com- 
pletely saturated with the same acid, and again became .sljghtly turbid, and depo- 
sited a white precipitate, which resembled starch iu cold water., This precipitate,- 
after it had been washed and dried, was subjected to the same experipients as the. 
above-mentioned Crystals, and exhibited the same properties, excepting that it did 
not dissolve in distilled wafer till > some -drops of muriatic acid were , added. 

When the solution was evaporated in a glass hssin, the rest of the oxyde of. 
molybdaena was deposited in Ihe form of a ; heavy , citron-coloured powder. . The, 
Vvhite oxyde Of lead on the filter i through which the 1 solution, of the alkaline pass 

* Analyte Chimique dtl Plomb SpatbiqUe jauae ds€arfnthie i An..de CbjinJp, p> 103.— vOrig^ 
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had passed, was found tb he mixed with silieeoos earth. When melted on charcoal, 
it did net entirely assume the metallic form, but' a part changed into a small grain, 
of transparent yellowish vitrified oxyde of lead. Mr. Klaproth observes, that in. 
this experiment the presence of the siliceous Perth prevented the complete reduction, 
of the lead, itl the same manner at when glass of lead, composed of 3 parte of 
dxydeof lead and 1 of siliceous earth, is melted on charcoal. He therefore dissolved 
this oXyde in Weak nitric acid, separated the ailieeous earth by a filter, and precipi- 
tated the lead by sulphuric acid. Mr. Klaproth however, doubte whether the 
greater part of the siliceous earth wax not introduced, during the operation* by the 
action of the alkali on the crucibfe. 

A drabhtn of the ore was digested with a considerable quantity of nitric acid, 
and a gteat part was dissolved. In the solution white flocculS were, perceived, and, 
were separated by a filter. When dried they were like a membrane, which became 
bluish Wheft exposed to the light, add much resembled the molybdic acid obtained 
froth molybdates, by repeatedly dis tiWiug nitric acid from iu In the filtrated nitric 
soltrtkrti there Was much oxyde of molybdssna mixed with oxyde of lead. The 
lead was therefore precipitated by sulphuric aqid, and afterwards the molybdaana by, 
prussiate of potash. 

A drachm of the ore was digested with muriatic add, and was completely dis- 
solved, excepting a small residuum of siliceous earth. The solution was transpa- 
rent, and without colour. In the course of some time it plentifully deposited crys- 
tals of muriated lead. When these crystals were separated, the solution was evapo- 
rated, and the interior of the basin was, during the evaporation, covered with a 
bluish saline crust, which dissolved and the colour disappeared when the vessel was, 
shaken. The concentrated solution decanted from the muriate of lead, which had 
been precipitated diirihg the evaporation, was of a deep blue, which disappeared 
When water was added. The solution was then saturated with alkali* and deposited 
a white precipitate, which consisted of molybdic acid* together with a 6 mall quan- 
tity rif Oxyde of lead. 

According to these experiments Mr. Klaproth remarks, that the yellow sparry 
lead ore of Carinthia is Composed of oxyde of lead and molybdic acid, and that this, 
iftitiefalogical ribtelty is the more remarkable, as it is the Only one of the kind 
known at present. It tl also worthy of notice, that the molybdsaaa changes ita form 
according to the method employed to precipitate it from alkaline solutions; for 
It is obtained either in a Crystal liwe form, or in that of a white powder, or in that 
■of citron-coloured Oxyde. When crystallized, it ia soluble in acids, and in water; 
dfc a White powder it does not dissolve m water, unless a, small quantity of muriatic 
acid be added; but in the state of the dtron-eofoeted oxyde, it is insoluble in wa- 
ter as well as iti the acids. Mr. Klaproth considers that this difference is occa- 
sioned by the presence of some alkali in the first ft substances, so as to form an 
imperfect neutral salt with the molybdic add, but that the ydlow powder is in 
the slate of * simple oxyde. TWa yeHaw -odour probably oocasioned the suppo- 
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skion that the lead was m in er aliead by the tangstic acid t bat the blew pipe ura#}* 
dent to distinguish them. The yeHew oxyde of maiybdjena loses the eolpur as 
soon «s the point -of the flame toadies it, iodines to an ofis® colour, and mcfes into 
stmdi grains, which ate bwoiedietcly *b6©rbedby thedvareod. In the phosphate of 
ammonia and eeda it dissolves, and communicates to it a greea colour. On thp 
contrary, the yellow oxyde of tungsten by ignition becomes blue or block., ‘remain- 
ing (refractory, end with {dieaphate of »aa»Dk and -soda it produces « sky-biue 
glass. 

Mr. Klaproth concludes his paper by saying, that he oould not exactly determine 
the proportions of the ingredients, as the quantity of the ore in hie possession was 
jMt sufficient to -make the necessary allowance for the solubility gf the osyde of lead 
-in the alkalis, and especially that of the tndlybdie aeid when in a elate <rf combination. 
These experiments of Mr. Klaproth, certainly prove that this ore is a molybdate of 
lead but as the quantity which he had was too small, either to make a greater 
number of experiments, or a regular analysis, I was induced to attempt a further 
investigation of k ; and therefore in the course of the last summer I made dp 
oxpetimmts and analysts which are described in this paper. 

^2. Characters of the Corinthian Moiybdate of Leads~+Tfo& molybdate of lead 
is found ait Vjlkdh, in Carinthia *. The matrix » a lime-stone, of a pale brown- 
ish-grey colour, often more -or less tinged -with oayde of iron. The one is a heavy 
brittle substance, easily scratched with a knife, and of a yellow colour, varying from 
pale yeflow ta orange. The fraqtore is sparry. 

The external lustre is -like that of wax ; and when crystallized, 2 of the faces of 
the crystals ate commonly opaque, and of a pale yellow, but the remaining 4 faces 
or sides have a resinous appearance. It generally exhibits an appearance. of crystal- 
lisation, and the crystals, when perfect, afford various modifications between the 
«octo£drdl figure and the otibe. 

'The specific gravity of a specimen, from which I had separated Off the visible 
part of tile matrix, was 5Q$2, the temperature of the water 'being (fcf, but -whet* 
the ore was reduced to powder, and purified by diluted nitric acid; I found the spe- 
cific gravity to be 57©§. ?. When the ore was examined by the blow-pipe, it at 
fo^t split and crackled as soon as the point of the flame touched k, but afterwards 
-readily melted into a dark-coloured mass, in which were some shining globules of 
lead. '2. With borax it formed a brownish-yellow globule ; hut when it was inn 
-small proportion, and heated by the interior flame, it occasionally produced a glass, 
which was greenish blue, and sometimes deep blue. 3. With phosphate of 
-ammonia and soda it formed a sea-green glass, which in proportion to the. quantity 
of the ore sometimes became deeper in colour, so as to be nearly of a deep blue. 

Before inuking the following experiments, T reduced fr oz. of the ore to a fine- 
powder, and dissolved the matrix after the manner of Klaproth, by sucoessiaely 

* It W. said to have been.iflinetimw jfbgnd iaApatfr SsdRnijgpy, but I doubt# the qata*o£ these 
wet is the same.— Orig. 
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-pOuring on the powder small quantities of nitric add diluted with 6 parts of distilled 
, water, after which I edulcorated and dried the residuum. The nitric acid used in 
this operation contained, ' as Klaproth has mentioned, calcareous earth, oxyde of 
iron, and oxyde of lead ; but . as prussiate of pot-ash produced a pale green preci- 
pitate, I suspected that some other metallic substance beside iron and lead was in 

• the solution. I therefore added muriate of tin to a portion of it, which' \yas imme- 
diately changed from a pale yellow to a pale blue, and showed that a small quan- 
tity of molybdic acid was present in the solution. 

$ 3. Molybdate of lead mith water . — I boiled 12 oz. of distilled water on 20 
grs. of the purified ore in a glass matrass during 3 hours. The ore did not 
appear to be changed, nor did the water after it had passed the filter .afford any 
trace of matter in solution. I believe therefore that the molybdate of lead is in- 
soluble in water. 

§ 4. As Mr. Klaproth had proved the action! of the fixed alkalies on the mo- 
lybdate of lead, in the dry way, I was desirous to know what effects they would 
produce in the humid way, and therefore made the following experiments. 

Exper. 1. a. I boiled 4 oz. of strong lixivium of caustic pot-ash with 20 grs. of 
the purified ore, till there remained at the bottom of the matrass a dry mass, which 
.was partly red, yellow, and green. I reduced this to powder, and poured distilled 
water on it, till the water came away without any taste. The alkaline solution was 
.filtrated, and afterwards saturated with sulphuric acid. The liquor then became 
turbid, and deposited a small quantity of a white precipitate, which consisted of lead 
and some molybdic acid. This was separated by a filter, and prussiate of pot-ash 
. being added to the clear liquor, precipitated a great quantity of molybcUena, in the 
-state of a -reddish-brown flocculent precipitate. 

. b. I took the residuum of the alkaline solution, which now was chiefly of a red 
colour, and appeared like minium, and poured nitric add very largely diluted on it, 
till the whole was dissolved. I then precipitated the lead with sulphuric acid, and 
from the clear liquor which remained, I afterwards, by the means of prussiate o t 
pot-ash, obtained a quantity of Prussian blue. 

Exper. 2. a. 20 grs. of the purified ore were boiled with 4 oz. of a lixivium of 

• carbonate of pot-ash. When all the water was evaporated, there remained a white 
saline mass, which was reduced to powder, and treated with distilled water as in the 
former experiment. A large quantity of a heavy white residuum remained on the 
filter. The clear solution was saturated as before with sulphuric acid, and a white 
precipitate, similar to. that of the former ‘experiment, was obtained. This was se- 
parated, and a copious precipitate .of molybdaena was produced, on the addition of 
prussiate of pot-ash. 

b. The white residuum was then edulcorated, and when diluted nitric acid was 
poured on it, it was dissolved with effervescence. From tfiis solution I precipitated 
the lead by sulphuric acid, and afterwards the iron by prussiate of pot-ash. A^m- 
monia, when' digested on the ore, hdd ' not any effect. From these experiments 
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it appears, that the molybdate of lead is decomposed by the fixed alkalies in the 
humid way, and that the component parts of the ore are lead and iron mineralized 
by the molybdic acid *. 

§ 5 . Molybdate of lead with sulphur. — A mixture, composed of 50 grs. of the 
ore and 1 50 grs. of sulphur, was put into a small glass retort, to which a receiver 
was luted. The fire was then gradually raised till all the sulphur was driven over, 
and the bottom of the retort began to melt. The residuum was a black loose pow- 
der, which was greasy to the touch, and soiled the fingers like molybdaena. This 
black powder was digested in a strong heat with nitric acid, diluted with 3 parts of 
water. Nitrous fumes were discharged during the digestion, and the powder was 
dissolved, excepting a residuum of molybdic acid, which was of a greenish-yellow 
colour. The solution was diluted with an equal quantity of distilled water, and was 
filtrated. Sulphuric acid was then added till all the lead was precipitated ; after 
which I obtained a brown precipitate by prussiate of pot-ash ’)*. 

^ 6. Molybdate of lead with carbonate of ammonia. — A mixture, composed of 
50 grs. of the ore and 220 grs. of dry carbonate of, ammonia, was put into a glass 
retort, and was sublimed with a, gentle heat. The molybdate of lead remained 
in the retort without having suffered any apparent alteration. The ammonia 
however had raised a small portion ; for when it was dissolved in distilled water, 
and was saturated with an acid, prussiate of pot-ash produced a brown cloud. 

§ 7* Molybdate qf lead sublimed with muriate qf ammonia. — Exper. 1. A 
mixture of 50 grs. of the molybdate of lead and 240 grs. of muriate of ammonia 
was sublimed. The sublimate was partly yellow, green, and blue ; there -was also 
some muriatic acid, and the residuum was a black powder A. The sublimate 
was mixed with an equal weight of sulphur and distilled. The residuum of this 
was a black powder, resembling the mineral called molybdaena, and when distilled 
with nitric add, afforded a citron-coloured oxyde. 

b. A quantity of distilled water was boiled on the residuum of the first sublima- 
tion, by which a part was dissolved, and communicated a blue colour to the water. 
1. Prussiate of pot-ash added to some of this blue liquor, produced a precipitate 
of Prussian blue. 2. Sulphuric acid added to another portion deepened the blue 
colour. 3 . Lixivium of carbonate of soda precipitated some ochry matter. 4 . And 
nitrate of silver was decomposed, and muriate of silver was precipitated. 

c. Nitric acid diluted with 6 parts of water was then poured on the undissolved 
powder, and was digested on it in a sand-heat. The powder was nearly dissolved, 

* The alkalies, whether caustic or combined with carbonic acid, do not act in the humid way on mo- 
lybdaena when mineralized by sulphur. Scheele’s Essays, p. 230 5 and Mem. sui* la Molybdene, pa* 
M. Pelletier, Journal de Phys. Dec. 1785, p. 437. — Orig. 

t As the quantity of molybdic acid in the ore is much greater than that of iron, it is scarcely possible 
to discover the latter when they are precipitated together by prussiate of pot-ash. — Orig. 

X M. Sage ha 3 observed, that molybdaena with muriate of ammonia affords a blue sublimate, Journ. 
<le Phys. 1788, p. 389.— Orig, 
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and the solution was colourless. 1 . From this solution I precipitated sulphate of 
lead by the means of sulphuric acid. 2. With prussiate of pot-ash I obtained a 
brown precipitate of molybdaena ; and 3. Muriate of tin turned another portion 
of it blue. 

From these experiments it appears that the 1st solution contained iron, with 
some molybdic acid dissolved in muriatic acid ; and the 2d solution contained 
, molybdic acid and lead. 

Molybdate of lead sublimed with muriate of ammonia. — Exper. 1 . 125 grs. of the 
ore were mixed with 2 oz. of muriate of ammonia, and put into an earthen matrass, 
to which a head of stone-ware was fitted. The matrass was then exposed to a 
sufficient degree of heat, and when all was sublimed the vessels were separated. 
The black powder which remained was mixed with 2 oz. of muriate of ammonia, 
and again sublimed. This operation was repeated 3 times, after which nothing re- 
mained in the matrass. The sublimate, as before, was yellow, green, and blue. 
A. Distilled water was poured on the sublimate, so as to dissolve all of the saline 
part ; but as the solution was turbid, it was poured on a filter, which collected a 
precipitate of a pale bluish-grey colour. 

b. This precipitate after it had been edulcorated was boiled with distilled water, 
which was afterwards filtrated. 1. Prussiate of pot-ash precipitated some iron. 
2. Muriatic acid was added to another portion, after which the prussiate produced 
a brown precipitate of molybdaena. 3* Muriate of silver was precipitated when 
nitrate of silver was dropped in. 

c. I then boiled lixivium of carbonate of pot-ash on the undissolved part of the 

residuum, by which the greatest part was dissolved. The alkali was then satu- 
rated with muriatic acid, and prussiate of pot-ash being added, precipitated 6ome 
molybdaena. On the small portion of the residuum which remained I poured 
diluted nitric acid. The solution was then filtrated, and I obtained a small quan- 
tity of sulphate of lead by the means of sulphuric acid. These experiments show 
that the residuum was composed of molybdic acid, iron, lead, and a small quan- 
tity of muriatic acid, which was produced from the muriate of ammonia during the 
sublimation. ' 

1 d. I now took the solution A and divided it into 2 portions, to 1 of which I 
added 3 oz. of concentrated sulphuric acid, and evaporated the liquor to half the 
quantity. When cold it deposited a white saline matter, which for the greater 
part dissolved in water, leaving a small residuum which appeared to be muriate of 
lead. Pot-ash expelled some ammonia from a portion of the dry salt ; and a pre- 
cipitate was proluced when muriate of barytes was added to the solution. This 
white saline matter was therefore a mixture of sulphate of ammonia with a small 
portion of muriate of lead. 

The solution to which the sulphuric acid had been added was again evaporated to 
a considerable degree, and when cold it resembled a very thick mucilage of a pale 
yellow colour. It readily disso Ted in water, and contained sulphuric acid in. grea^ 
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excess. 1 . Prossiate of pot-ash only changed the colour to pale green. 2. Car- 
bonate of pot-ash expelled the ammonia, and a white precipitate like starch was 
formed, which was principally composed of molybdic acid and p6t-ash. 

B. To the 2d portion of the solution I added 3 oz. of concentrated nitric acid, 
and evaporated it nearly to dryness. A bright yellow matter was deposited, which 
I found to be molybdic acid, combined with a portion of lead. There was also a 
small quantity of liquid, whiqji I diluted with distilled water, and then precipitated 
some sulphate of lead by sulphuric acid. When this was separated I added prus- 
siate of pot-ash, and obtained a quantity of Prussian blue. 

$ 8. Molybdate of lead with black flux. — 100 grs. of the ore were mixed with 4 
times the weight of black flux. The mixture was then put into a crucible with 
a piece of charcoal over it ; a coyer was fitted to the crucible, and it was placed in 
a furnace in which a strong heat was kept up during an hour. When the crucible 
was cold and was broken, there did not appear any reguline button, but shining me- 
tallic particles were dispersed throughout the mass. It was then reduced to pow- 
der, and the largest particles were separated by washing, were dried on paper, 
and weighed 31 grs. ; on examination they proved to be lead in the. metallic state. 
Other particles were separated by a magnet, and the remainder consisted of a black 
powder. 

a. Diluted nitric acid was poured on this black powder and dissolved it, ex- 
cepting a small residuum, which consisted of siliceous earth with a little charcoal. 

1 . The solution was diluted with distilled water, and filtrated. 2. I then first 
separated a quantity of lead by sulphuric acid, and afterwards obtained some 
Prussian blue by prussiate of pot-ash. 

b. The alkaline solution which had been formed when the melted mass was 
washed, was poured on a filter, and distilled water was added till it came away 
tasteless. The filtrated liquor was without colour : nitric acid was then added 
till the alkali was Saturated. When about half of the requisite quantity of nitric 
acid' was poured in, the liquor became pale blue, and as the quantity was increased 
it changed to green ; and, lastly, when the nitric acid was added till it was in a 
small excess, the liquor was of a bright amber colour. 1 . This solution, with prus- 
siate of pot-ash, afforded a brown precipitate of molybdaena. 2. Muriate of tin 
changed the colour to a beautiful deep blue. 3. But sulphuric acid had no effect. 

c. The amber-coloured solution was evaporated to dryness, and a saline mass of 
a bright citron-colour remained at the bottom of the vessel. As part of the yellow 
colouring matter appeared to be only mixed with the salt, I dissplved it in distilled 
water, and separated a quantity of a citron-coloured powder, which was the mo- 
lybdic acid. The 'solution was twice again evaporated, and each time some mo- 
lybdic acid was separated; but a part still remained- intimately combined with the 
salt, so as with water always to produce the amber-coloured solution. 

I now proceeded to examine the ore with the acids. As the results which I ob- 
tained when the ore was digested with nitric acid were the same as those mentioned 
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by Mr. Klaproth) I shall not repeat them, but 6hall only observe* that it does not 
appear possible to decompose the ore completely by means of this acid. 

§ 9. Molybdate of lead with muriatic acid. — 240 grs. of the purified ore in fine 
powder were put into a glass matrass, with 3 oz. of pure muriatic acid. Theinatrass 
was then placed in a sand bath ; in about an hour the whole was dissolved, excepting 
some muriate of lead, which I dissolved by pouring jpater on it. After this there 
only remained a very small residuum of siliceous earth. 

A. The solutions were then added together, and formed a liquor which was trans- 
parent, and of a greenish-yellow colour. 1. Prussiate of pot-ash produced a co- 
pious precipitate of molybdtena, in the form of a reddish-brown flocculent matter, 
s. Lixivium of carbonate of pot-ash precipitated a yellowish-white matter, and 
turned the liquor to a deep blue. c. Carbonate of soda had the same effect, d. 
Solution of carbonate of ammonia produced a similar precipitate, and caused 
the liquor to become blue. 

These precipitates were separately collected and washed on filters. When ex- 
amined by the blow-pipe, all of them afforded a yellowish-green glass, with phos- 
phate of ammonia and 6oda. These precipitates dissolved in diluted nitric acid 
with effervescence, and sulphuric acid precipitated sulphate of lead, after which 
Prussian blue was precipitated by prussiate of pot-ash, and the liquor became brown- 
e. The blue solution, which consisted of the muriatic and molybdic acids com- 
bined with soda, was evaporated. When the liquor became hot, the colour changed 
from blue to pale yellow, and the evaporation was continued without any other 
perceptible alteration till the whole was become a dry concrete salt. I dissolved 
this salt in distilled water, and added muriatic acid, so as to be in a small excess. 
The liquor was then evaporated to half, and was set in a cool place. The fol- 
lowing morning I found a quantity of crystallized muriate of soda at the bottom of 
the basin, covered with a white flocculent precipitate, which I collected and edul- 
corated on a filter. The rest of the liquor was repeatedly evaporated, till I had 
separated the greatest part of this white matter from the muriate of soda., The 
last portion of the liquor however still contained some molybdic acid, combined 
with the muriate of soda ; for after it had been several times evaporated and again 
dissolved, it became blue when muriate pf tin was added ; or if muriatic acid was 
first poured in, prussiate of pot-ash produced a reddish-brown precipitate of 
molybdaena. 

Experiments on the white precipitate. — 1. It was not dissolved when water was 
boiled on it. 2. When digested with sulphuric or muriatic acid, the greatest part 
was dissolved, and prussiate of pot-ash produced a precipitate of a greenish-brown 
•colour. 3. A small part became yellow when nitric acid was distilled from it. 
4 .. The solutions of carbonate of pot-ash, soda, and ammonia, dissolved the 
greater part ; and when these solutions were saturated with muriatic acid, prus- 
siate of pot-ash produced precipitates like those of the acid solutions. 

h. 1 next examined the blue solution,- which consisted of the nmriatic and 
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molybdic adds combined with ammonia. Jt was first hitrated, tod then gradually 
evaporated. When evaporated to half the original quantity, the colour was greep, 
but towards the end of the operation it again became blue, and when evaporated 
to dryness, the residuum was a whitish salt, tinged in some parts with blue. 

g. This salt was reduced to powder, and tvas put into a small glass .retort, to 
which a receiver was fitted. I then placed the retort in a small open furnace, and 
gradually raised the fire till the bottom of it began to melt. The retort was now 
removed* and the contents examined. The receiver contained some water, and a. 
small quantity of muriatic acid. Near the extremity of the beak of the .retort 
was some muriate of ammonia, with some fuming muriatic acid, and the re« 
mainder of the tube was filled with a hard greyish-blue salt. In the retort was a 
black pulverulent residuum. I collected all of the blue salt, and again sublimed 
it, and again obtained muriatic acid, blue salt, and some of the black powder. 

The blue salt was composed of muriate of ammonia combined with the acid, or 
rather with a blue oxyde of molybdmna. 

h. The black residuum was put into a glass retort, and some nitric acid being 
poured on it, it was exposed to a moderate beat. Nitrous fumes were discharged^ 
and when the distillation had been repeated, I found the whole of this black pow- 
der converted into the citroni-coloured molybdic acid. I had evident proof that in 
this experiment a portiori of the muriate of ammonia was decomposed by each 
sublimation, and also that part of the molybdic add was deprived of oxygen, and % 
remained.in the retort, if not in the state of metal, at least combined with so smalt ( 

a quantity of Oxygen as to be nearly approaching to it.* 

Molybdate of lead with muriatic add. — Exper. 2. 1 dr. of the ore was digested: 
with muriatic acid, and distilled water was added till the whole was dissolved, ex- 
cepting a small residuum of siliceous earth. The solution was filtrated, and re- 
peatedly evaporated, .till muriate of lead was no longer separated. The muriate o£' 
lead, when edulcorated, I, found to be perfectly free from any other substance. 

I now saturated the acid solution, from which the muriate of lead had been-, 
separated, with solution of carbonate of ammonia, and obtained a pale yellow * 
flocculent precipitate, which was well edulcorated. This precipitate immediately 
dissolved in very dilute nitric add, and with sulphuric acid I precipitated a small! 
portion of lead, after which, with prussiate of pot-ash, I separated a quantity of 
iron. The solution, when saturated with the ammonia, was deep blue, and was. 
composed of muriatic acid, ammonia, and the blue oxyde of molybdaena, like 
that mentioned in the former experiment. 

In the course of these experiments, I have observed that the full blue colour only, 
takes place at the precise moment of saturation, and if the alkali is even added to 
a considerable excess,- the colour does not suffer any further change; but if much: 
water is first added, the blue colour does not appear ; or if water is added after- 

* A black powder of a similar nature appears to have been obtained hy Scheele, w hen he, distilled the 
white molybdic acid with a small quantity of olive oiL Essays, g. 238. — Orig. 
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wards, the solution becomes colourless. By the preceding experiments the com- 
ponent parts of the ore are proved to be lead, iron, and molybdic acid. In respect 
to the small portion of siliceous earth, it may rather be regarded as accidentally 
present, than as an essential ingredient. 

My second object was to discover the least exceptionable mode of analysis ; but 
all of those which have been described appeared to be liable to considerable ob- 
jections; I was therefore induced to make some additional experiments. 

$ 10. Molybdate of lead with sulphuric acid . — From the experiments of Mr. 
Klaproth it appears, that he only employed nitric and muriatic acid ; and on this 
account I was desirous to try the effects of sulphuric acid; especially as Scheele has 
proved that it is able to dissolve a considerable quantity of the acid of molybdaena. 
I also conceived hopes of success, on the supposition- that the elective attraction 
between lead and sulphuric acid was more powerful than that between lead and 
molybdic acid : and as sulphate of lead is nearly insoluble, I should thus be able to 
make a complete separation of the constituent parts of the ore, I therefore made 
the following experiment. 

120 grs. of the purified ore in fine powder were put into a small glass matrass, and 
1 02 . of concentrated sulphuric acid was poured on the powder. The matrass 
was then placed over an Argand lamp, and the acid was boiled for an hour. 

The ore became white, and the acid was of a beautiful blue. When it had stood 

some hours, I poured the acid into another vessel, edulcorated the powder with 
distilled water, and added the washings to the acid solution. Another ounce of 
sulphuric acid was poured on the powder, and boiled as before. It was faintly 
tinged with blue ; and I added it to the first solution, as well as the water with 
whioh the powder was washed. That I might not leave any part of the molybdic 
acid unextracted, I repeated the operation a 3d time. The powder was then 

edulcorated, and the acid solutions being added together, formed a pale, blue 

transparent liquid. 

To decompose the white residuum, I boiled it during an hour with lixivium of 
carbonate of soda, then washed the powder, and poured on it nitric acid much 
diluted, by which, it was immediately dissolved with effervescence, leaving a very 
small residuum of siliceous earth. Prussiate of pot- ash produced a white precipi- 
tate of lead, and after 12 hours, a very small portion of Prussian blue subsided. 
The ore was therefore decomposed, and there only remained this minute portion 
v of iron to be 'separated from the lead ; but this I shall notice when I come to 
the analysis. 

I now diluted the sulphuric solution with a large quantity of distilled water, and 
divided it into 2 portions. One of these, which I shall call a, was saturated with 
carbonate of pot-ash. The other, b, was saturated with carbonate of ammonia. 
When the alkalies were first added, the solutions became of a pale yellowish- 
- green, and as the quantity of'the alkalies was increased, the solutions changed 
to bluish-green, and lastly to deep blue. When the vessels had flood about 24 
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hours, the solution a deposited a white precipitate, and in the solution b there was 
also a small quantity of a yellowish colour. Both solutions passed the filter 
without any diminution of the blue colour. I collected the white precipitate of 
a on a filter, and then evaporated the liquor to half. The following morning I 
found a large-quantity of crystallized sulphate of pot-ash, covered with a flocculent 
white precipitate. This I separated, from the sulphate of pot-ash, and by repeated 
evaporations obtained the remainder. These white precipitates were kept separate 
in the order in which they were obtained, and were washed and dried. 

Experiments on the first portions of the white precipitate obtained by the a ddi tion 
of the alkali , and by the firsf evaporation. — The white precipitate, when exposed 
on charcoal to the blow-pipe, melted into a pale green transparent globule. With 
borax it formed a yellow transparent glass when hot, which as it cooled became 
opaque, and of an ash colour. When added to the phosphate of ammonia and 
soda in fusion, a yellowish-green transparent glass was produced. Water boiled • 
for a considerable time on the precipitate did not apparently dissolve it; but 
muriate of barytes showed the presence of a small quantity of sulphuric acid. 

Nitric acid distilled to dryness from some of the precipitate, produced very little 
alteration, excepting that a small part became yellow. Sulphurk>ecid was digested ' 
on a portion of the precipitate, and dissolved part of it; the remainder appeared 
unchanged. The solution was diluted with distilled water, and prussiate of pot-ash 
being added, produced a blue precipitate. Muriatic acid digested on another 
portion, turned it at first yellow, but afterwards the greater part became white, 
and remained undissolved. The solution afforded a blue precipitate with prussiate 
of pot-ash, and a small quantity of white precipitate with muriate of barytes. 

The residuum was not affected when afterwards digested with acids or alkalies. 

Some of the white precipitate was boiled with lixivium of carbonate of potash, 
and part was dissolved. The solution was then saturated with mvgiatic acid, and 
prussiate of pot-ash produced a blue precipitate. With carbonate ’of soda* the 
effects were the same. A solution made with^carbonate of ammonia, afterwards 
saturated with muriatic acid, was tinged green by the addition of prussiate of 
pot-ash. - A mixture composed of 20 grs. of the precipitate, and 50 grs. of 
sulphur, was put into a small glass retort, and distilled till all of the sulphur was 
driven over. The powder in the retort was of a pale grey colour, did not stain 
the fingers, or feel greasy, and had an hepatic smell. Diluted nitric acid was 
digested on it without heat, and when prussiate of pot-ash was added to a part 
of the clear solution, a brown cloud was produced in about 10 minutes resembling ' 

the usual precipitate of molybdgena. * 

Lixivium of carbonate, of pot-ash added to another portion, formed a white 
flocculent precipitate, like starch. Concentrated nitric acid was afterwards digested 
on the grey powder in a strong heat, and dissolved a considerable part. With this 
solution, prussiate of pot*ash produced a brown precipitate, intermixed with some 
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blue particles. The rest of the solution was then evaporated, and left a bright yel> 
low mass at the bottom of the matrass. 

The undissolved residuum of the nitric solution Was then boiled with lixivium of 
pot-ash, which was afterwards saturated with muriatic acid, and became tinged with 
Ijlue when prussiate of pot-ash was added. The residuum was now a black powder, 
Which was edulcorated, and was immediately dissolved when nitric acid was poured 
on it; at the same time nitrous fames were emitted. The solution was transparent* 
excepting that a /few white particles were floating > in it. It was then diluted, and 
filtrated. Prussiate of pot-ash turned it to a brownish green, which afterwards be- 
came brown. Lixivium of pot-ash precipitated a white flocculent matter; and 
caustic ammonia, added' to a third portion, precipitated a quantity of iron. 

As this precipitate had some remarkable properties, particularly iti respect to the 
difficulty with which it was decomposed, I have been induced to mention the ex- 
periments made on it in a circumstantial manner. This precipitate appears from 
theie experiments to be principally composed of iron, and some molybdic acid, to- 
gether with a small portion of alkali and sulphuric acid. The intimate union be- 
tween the iron and molybdic acid is apparently the cause which impedes the decom- 
position of this precipitate; but this can only be ascertained by future experiments 
on molybdate of iron. 

I next examined the white precipitate which was deposited by the last evapora- 
tions, and found that, when distilled with nitric acid, it was converted into the yel- 
low molybdic icid ; and I was therefore convinced that this last portion of the white 
precipitate was the a*me neutral salt which I obtained in several other operations, 
and Which has also been noticed by Scheele and Klaproth.* I now began to exa- 
mine the blue solution b, Which consisted of the sulphuric solution, of molybdic 
acid, saturated with ammonia; but that the experiments made on this may be 
better understood, I shall first give an account of some experiments and observa- 
tions which I have made on the sulphate of ammonia. 

Experiments and observdtions on the sulphate of ammonia .— This neutral salt, 
•which from Glauber, who first prepared it, was called the secret ammoniacal salt ot 
Glauber, or vitriolic ammonia, has been very little examined; neither has it been 
•applied to any usefnl purpose, though the inventor much recommended it in metal- 
lurgical Operations. It has been long known that the fixed alkalies, lime, and 
barytes, when triturated with it, decompose it, by uniting with the acid. But the 
effects of heat on it do not appear to have been sufficiently observed. Macquer 
says, that it is demi-volatile, that it may be sublimed entire, and that it cannot be 
•decomposed in close vessels without some intermediate substance. -p Baume makes 
use of nearly the- same expressions.^ Bucquet says, that when it has lost the 

* Scheele observes, >vhen molybdaena was detonated with nitre, and the mass afterwards dissolved in 
"water, and saturated with sulphuric, nitric, or muriatic acid, that a white precipitate, was produced* 
•which was the acid of motybdana combined with a portion of alkali. Essays, p* 231 and 240.— Ong. 

+ Diet, de Chimie, tom. 1, p. 111 .— i Chimie Exp, et Raisonnee, tom. 2, p. S3.— Orig. 
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' water of crystallization, it becomes red-hot, and melts without being volatilized. 
Lastly, M. Fourcroy mentions it in the following manner: “ As it contains much 
water of crystallization, it immediately liquifies by a very moderate heat; but by 
degrees it becomes dry, in proportion as the water of crystallization is dissipated. 
In this state it first becomes red-hot, and soon melts without being volatilized, ac- 
cording to Bucquet; butM. Baum6 asserts that it is demi-volatile. In repeating this 
experiment 1 have observed, that in fact a part of this salt is sublimed,' but a portion 
remains fixed in the vessel, and doubtless it is concerning this that Bucquet speaks*.” 

When so many eminent chemists concurred in nearly the same assertion, I was 
not a little surprized to observe, in some experiments made for a very different pur- 
pose, that the whole of the sulphate of ammonia was not only volatilized by heat, 
but also that the distillation of it was accompanied with some remarkable phe- 
nomena. I therefore diluted some very pure concentrated sulphuric acid with an 
equal quantity of distilled water, and having saturated it with ammonia, I gradu- 
ally evaporated it till it became a concrete salt. 

Escper. 1. I put 2oz. of the salt into a glass retort, capable of containing 3 
times the quantity, then fitted on a receiver without any luting, and placed the 
retort in a small open furnace over some lighted charcoal. The salt in the retort 
speedily liquified, and a small portion of water first came over; this was succeeded 
by a considerable quantity of alkaline gas, which continued to be produced during 
15 or 20 minutes. On a sudden the vessels were filled with a thick white cloud, 
which on close inspection appeared to be composed of very minute glittering 
crystals. This cloud quickly disappeared, and was followed by a great quantity of 
sulphureous gas and water, the greatest part of which was condensed in the re- 
ceiver; and the operation went on in this manner while any thing remained in the 
retort. During the distillation the matter in the retort was always liquid; and 
when the operation was finished, 1 found in the receiver a considerable quantity of 
sulphureous acid, with some ammonia in solution; and in the neck of the retort 
there was sublimed a portion of the undecomposed salt. From this experiment I 
was in a great measure convinced, not only that the neutral salt was decomposed, 
but that the ammonia was also in part resolved into its constituent principles. 

Exper. 2. That I might however remove any doubt respecting this matter, I 
fitted a bent glass adopter to a retort, and to this added a double tubulated re- 
ceiver, from which proceeded a bent tube, which passed under a glass jar filled 
with water and inverted. The former experiment was now repeated with this ap- 
paratus; and I had the satisfaction to observe, that when the sulphureous acid 
began to be produced, a quantity of gas at the same time displaced the water in 
the jar, and continued to pass into it till to the end of the operation. This gas 
I afterwards examined, and found that it possessed all the properties of the 
azotic gas'f*. 

• Element d’Hist. Nat. et de Chimie, tom. 2, p. 93.-— Orig. 

+ This operation requires to be conducted with caution; for at the moment when the white cloud 
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I afterwards distilled 100 grs. of the yellow -oxyde of iron, mixed with 200 gr-s. 
of sulphate of ammonia. Pure ammonia first came over, aud afterwards some 
sulphureous acid. When the retort began to melt I removed it, and found the 
iron chiefly in the state of red oxyde, or colcothar, mixed with some sulphate of 
iron. When oxyde of zinc was used, the residuum was sulphate of zinc. 
Minium, when triturated with sulphate of ammonia, immediately decomposed 
it like lime, or the alkalies, and when distilled, the retort contained sulphate of 
lead. When native green oxyde of copper was distilled with sulphate of ammo- 
nia, the residuum was partly red oxyde of copper, with some sulphate of the 
same. But the ammonia came over in a concrete state, by reason of the car- 
bonic acid contained in the green oxyde. The oxydes therefore of iron, zinc, 
lead, and copper decompose the sulphate of ammonia by combining with 
the acid. 

I next mixed it with the yellow tungstic acid; but after the distillation, I found 
the tungstic acid unchanged, excepting that it had acquired a tinge of pale 
green. The ammonia and the sulphureous acid also came over in the same 
manner as when only the sulphate of ammonia was distilled. Lastly, I distilled 
1 oz. of the sulphate of ammonia with 20 grs. of the yellow molybdic acid. 
During the distillation, the ammonia and sulphureous acid were produced in as 
great quantities as when the sulphate of ammonia was distilled by itself. But 
the molybdic acid remained in the retort, deprived of oxygen, in the form of a 
black blistered matter, which was again converted into the yellow acid when dis- 
tilled with nitric acid. 

From these experiments it appears, that the sulphate of ammonia is not, as 
many eminent chemists have imagined, incapable of being decomposed without 
some intermediate substance, but on the contrary, the whole of it can be raised^ 
and a great part decomposed, whenever a proper, degree of heat is applied; for 
then a certain portion of ammonia first comes over, so that the remainder, is 
combined with acid in excess, and the hydrogen of the ammonia which remains 
unites with part of the oxygen of the sulphuric acid, and forms water, which 
passes into the receiver, accompanied by the acid, now become sulphureous add, 
and by the azote in the state of gas. Various methods have long been in use 
to decompose ammonia. Metallic oxydes produce this effect; and Scheele par- 
ticularly mentions, that if arseniate of ammonia is distilled, gas is produced, 
and the acid of arsenic is reduced to the metallic form, and as such is sublimed*. 

appears, a vacuum take* place, occasioned by the alkaline gas, which previously filled the vessel*, 
being neutralized by the sulphureous gas, which is then produced. It is necessary therefore, in about 
10 or 15 minutes after the commencement of the operation, that the fire should be raised, and the 
azotic gas will then soon begin to pass into the jar. Some water will most commonly rush into the 
receiver, but if the capacity of this is not too small, there will not be time enough for the water 
to rise sufficiently high, so as to pass into the retort.— Orig. 

. * Essays, page 155. .The same effects were also produced when acid of arsenic was sublimed 
with muriate of ammonia, p. 161 .— Orig, 
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The decomposition of the nitrate of ammonia is also well known; and I have 
no doubt but that muriate of ammonia suffers a similar decomposition in a 
smaller degree each time that it is sublimed; for whenever i have had' occasion to 
sublime muriate of ammonia, I have always found some fuming muriatic acid; , 
and from wherice could this be produced, but from a portion of the salt which 
was decomposed during the sublimation. The distillation of the triple salt, com- 
posed of molybdic acid, muriatic acid, and ammonia 7 and 9 ,) places this in 
a stronger light; for whenever this salt was distilled, a certain portion of molybdaena 
was left in the retort deprived of oxygen, and muriatic acid was found in the re. 
ceiver. Moreover, from several repetitions of this experiment, I am well con- 
vinced, that by a great number of sublimations the whole of the molybdaena might 
have been obtained in the proportion that the muriate of ianimonia was de- 
composed. 

' When all these facts are considered, it appears more than probfeble that most, if 
not all, of the ammoniacal salts suffer different degrees of decomposition whenever 
• they are treated in the dry way. As the molybdic acid was my principal objeot, I 
did not make all the experiments I could have wished on this neutral salt; neither 
have I as yet exactly determined the proportion of azotic gas produced from a 
certain quantity. I have found however, that the sublimed undecomposed part of 
the salt amounted to 183 grs. when an ounce of the salt had been distilled, and 
that the liquid in the receiver weighed 145 grs.; so that 152 grs. had escaped* 
which principally consisted of azotic gas, together with some sulphureous add, 
and some alkaline gas, which had made their way out of the vessels during the 
operation. 

Continuation of the experiments on the molybdate of lea<L~ From the effects 
which I observed to be produced when sulphate of ammonia was distilled with 
molybdic add, I was induced to examine in a similar manner the blue solution b: 
but first I collected, washed, and dried the pale yellow precipitate which had' been 
formed when the sulphuric solution of the molybdic acid was saturated with ammo- 
nia*. This precipitate, when dry, appeared of « deeper yellow, and easily dis- 
solved in muriatic add. Prussiate of pot-ash was then added to the clear solution, 
which precipitated the whole of the dissolved mattbr in the state ' of Prussian blue. 
The filtrated solution B was now evaporated till it became a dry concrete salt, the 
colour of which was pale greyish blue. I collected this stflt, and having reduced it 
to powder, put it into a small glass retort, and having fitted on a receiver, I distilled • 
it in the same manner as was employed with the sulphate of ammonia. The pro- 
ducts which came over Were also the same; and when the bottom of the retort 
began to be softened by the heat, I removed it, and found the residuum to be a 


* Whenever the solution was sufficiently diluted, I always found that ammonia precipitated the iron 
free from any part of the molybdic acid ; but when either of the fixed alkalies were used, a portion of 
molybdic acid was precipitated with the iron iuto a state similar to the first portions of those white floe- 
culent precipitates, which have been already mentioned In | 9 and 10.-— Orig. 
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black blistered matter. I then examined the sulphureous acid and sulphate of am- • 
' monia which had risen, but did not find any trace of molybdaena. 

I next poured nitric add diluted with an equal weight of distilled water on the 
black residuum in the retort, and distilled it. As soon as the add began to be 
warm, nitrous fumes were discharged^ and when the distillation had been repeated 
with a 2d portion of nitric acid, I found the whole of the black matter converted 
into a pale citron-coloured substance, which was the molybdic acid. 

^ U . Analysis of the molybdate of lead. — I put 250 grs. of the purified ore re- 
duced to a fine powder into a glass matrass, and having poured on it 1 oz. of con- 
centrated sulphuric acid, I digested it in a strong heat during an hour. When the 
solution was become cool and had settled, the acid was cautiously decanted from 
the powder, and distilled water was poured on till it came away tasteless. The 
same operation was repeated twice, so that 3 oz. of sulphuric add were used. The 
acid solutions and washings were then filtrated, and were received in a large glass 
vessel. 

I diluted the pale blue liquor with distilled water, in the proportion of l6 to 1, 
and afterwards gradually added ammonia till it was completely saturated. The 
liquor then became deep blue, and appeared turbid. When it had stood about 24 
hours, a loose pale ochry precipitate subsided, and was collected on a filter, the 
weight of which had been noted*. This precipitate was edulcorated, and after- 
wards dried with the filter on the flat top of a tin vessel heated by boiling water, 
after which the weight of the precipitate was 4.2 grs. The colour of the dry pre- 
cipitate was yellowish brown, and when dissolved in muriatic acid it was precipitated 
by prussiate of pot-ash in the state of Prussian blue. 

I now poured part of the clear blue solution, which was composed of sulphuric 
and molybdic acid saturated with ammonia, into a glass retort, and when about 
half was evaporated, I continued to add the remainder of the liquor at different 
times till the whole was become a concrete salt. I then raised the fire and continued 
the distillation till all the sulphate of ammonia was decomposed or driven over: 
but as some of the sublimed salt was fixed in the neck of the retort, I turned the 
bottom of it upwards, and poured some distilled water into the neck, so as to wash 
out the salt; after this I increased the fire till the whole body of the retort was be- 
come red-hot -f-. The residuum in the retort was a black blistered mass, on which 
I poured 3 oz. of nitric acid diluted with an equal portion of water, and having dis- 
tilled it, I repeated the operation, and thus converted the whole of the black 

* This is one of the many instances which prove the weak affinity between molybdaena and oxygen ; 
for it is well known that pure ammonia precipitates iron from sulphuric acid, in a state nearly similar to 
martial aethiops 5 but in the present case the iron takes a considerable portion of oxygen from the 
molybdic acid at the moment that the acid menstruum is saturated by the ammonia, and it is therefore 
precipitated in the form of a yellowish-brown oxyde, while the molybdic acid being thus deprived of so 
large a quantity of oxygen, is converted into a blue oxyde which remains in solution. — Orig. 

t To be certain that all of the ammooiacal salt is decomposed, it is absolutely necessary that the retort 
should he made red-hot.— Orig. 
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matter into the yellowish acid 6f molybdaena. When the retort was sufficiently 
cooled, I cut off the neck, and removed the powder, which weighed 95 grs. 

I next proceeded to decompose the residuum left by the acid solution in the state 
of sulphate of lead; and having edulcorated it, I boiled it during ap hour with 4 oz. 
of lixivium of carbonate of soda, then washed the powder, and poured on it nitric 
add much diluted. The whole was dissolved, excepting a small portion of white 
powder, which was washed and dried on a filter by the heat of boiling water, and 
then weighed -fc of a grain. This on examination, proved to be siliceous earth. 
I then exactly saturated the nitric solution with lixivium of pure or caustic soda, 
end having washed and dried the predpitate of lead, I exposed it in a porcelain cru- 
dble for a + of an hour to a heat rather bdow red; after which it weighed 146 grs. 

As I had found by a former experiment that a 

small portion of iron remained with the lead, I Oxyde of lead ....• i 4 <j 

dissolved the 146 grs. in diluted nitric acid, and Mol 7 Wlcaad 95 

predpitated the lead by sulphuric add. The so- Qxydeof in® *1 5 2 

lutiop was then filtrated, and being saturated with ^ jiliceous ^ 0 7 

.pure ammonia, I obtained a small quantity of • 

oxyde of iron, which, when dried as before, weighed ^ loM was f 

1 gr. ■ 

By this analysis, 250 grs. of the ore yielded 250 0 

as annexed, and lost 3.1, which I am inclined to place principally to the account of 
the lead, as it is scarcely possible to decompose the sulphate of lead without some 
loss, occasioned by the action of the alkaline solution. 

$12. Experiments on the yellow molybdic acid, obtained by the analysis.— 
A. When exposed to the blow-pipe on charcoal, it was melted by the exterior flame, 
and the sides of the charcoal were covered with small long crystals, which had a 
metallic lustre resembling silver*. 

When the heat was continued, the whole was melted, and for the greater part 
absorbed by the charcoal, the edges of which became covered with a blue powder. 
When melted in a spoon of platina, some yellow powder was deposited near the 
edges, and a brownish yellow shining matter was formed, which became streaked, 
in cooling. With borax it produced a brownish-yellow glass, but when the quan- 
tity of molybdic acid was small, the colour was sometimes blue when the globule 
was heated by. the interior flame. With soda in the platina spoon it formed a 
brownish opaque matter. And with phosphate of ammonia and soda it formed a. 
glass, which, in proportion to the quantity of molybdic acid, varied from a greenish 
blue to a deep blue. 

b. 10 grs. of the yellow molybdic acid were boiled with 6oz..of distilled water.. 
About 3 grs. were dissolved, and the solution when filtrated was of a pale yellow 

* Scheele mentions a similar product obtained when molybdsena was exposed to the blow-pipe* Essays, 
p. 230. — Also by sublimation. Essays, p. 238.— And Mem. »ur la Molybdtoe, par M. Pelletier. Jounu 
de Pbys., Dec. 1785, p. 439.— Orig. 
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colour. It had scarcely any perceptible flavour, but turned litmus paper red. When: 
prussiate of pot-ash was added to a portion of the solution, no apparent change 
was effected; I therefore added a small quantity of nitric acid, which produced a 
copious brown precipitate of molybdaena. The sulphuric and muriatic acids had the 
same effect, when poured into the solution, either before or after the addition of 
prussiate of pot-ash. With muriate of tin it changed to a beautiful deep blue. 

Lead was precipitated from solution of nitrate of lead, in the form of a pale 
yellow precipitate, which was a regenerated molybdate of lead. Nitrate of barytes 
rendered the solution slightly turbid, but I did not find that the precipitate which 
subsided was soluble in cold water, as Scheele has mentioned*. The solution did 
not precipitate lime from nitric acid. 

c. 10 grs. of the yellow molybdic acid were dissolved when digested with 1 oz. of 
concentrated sulphuric acid. The solution as it cooled became blue.*f* Prussiate 
of pot-ash produced a reddish-brown precipitate. Muriate of tin had no effect. 
When a portion of the solution was distilled to dryness, the yellow molybdic acid 
was left in its original state. J The remainder of the solution was saturated with 
lixivium of soda, by which the blue colour was heightened, and some white floc- 
culent matter was precipitated. Prussiate of pot-ash added to part of this saturated 
solution did not precipitate the molybdsna, till the alkali was again supersaturated 
with an acid. Muriate of tin poured into the solution saturated with alkali, changed 
it to a deep blue ; but when the alkali was again saturated with an acid the muriate 
of tin ceased to have any effect. The white flocculent matter which was precipitated 
when the solution was saturated with soda, was edulcorated and heated with nitric 
acid, by which it was converted into a yellow powder, similar to the molybdic acid 
which had been dissolved. 

d. 10 grs. of the yellow molybdic acid, when digested in a strong heat with 1 oz. 
of concentrated muriatic acid, formed a pale yellowish-green solution. Prussiate of 
pot-ash precipitated the molybdaena. Muriate of tin had not any effect. A portion 
of the solution being distilled to dryness, left a greyish-blue residuum. $ I then 
saturated the remaining part of the solution with lixivium of pot-ash, by which the 
blue colour became more apparent and a much larger quantity of white flocculent 
matter was precipitated than when soda was employed. Prussiate of pot-ash did not 
affect this solution, till the alkali was again saturated with an acid. Muriate of tin 
was precipitated by the solution saturated with alkali, highly coloured with blue ; 
but when the alkali was again saturated with ah acid, the muriate of tin had no 

* Essays, p. 234. — Schcele does not mention the quantity of water which he employed.— Orig. 

+ Scheele observes that sulphuric acid dissolves a considerable quantity of molybdic acid, and that the 
solution as it cools becomes blue and thick ; but when heated, the colour disappears, and returns again 
as the liquor cools. Essays, p. 235.— Orig. 

J M. Pelletier says, that a small portion of molybdaena is raised by sulphuric acid when distilled with 
it.; but I did not find it so with the molybdic acid. — Mem. sur la Molybdine, Joum. de Phys. 
Dec. 1785.— Orig. 

j Scheele has made the same observation. Essays, p. 235.—* Orig, 
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effect.* Lastly, the white flocculent matter was boiled with nitric acid, and be- 
came like the molybdic acid before it was dissolved. 

£. Nitric acid did not appear to have any effect on the molybdic acid when di- 
gested with it. 

r. 2 oz. of lixivium of carbonate of pot-ash were poured on lO grs. of the molyb- 
dic acid. In a few minutes carbonic acid was gradually expelled, and as the molyb- 
. die acid dissolved, a white flocculent matter was deposited. After it .had stood some' 
hours, the clear liquor was decanted from the residuum. Prussiate of pot-ash did 
not affect this solution. Some nitric acid was then dropped in, and produced a 
reddish-brown precipitate, which was re-dissolved till the acid was in some excess. 

Muriate of tin, when added to a portion of the alkaline solution, was precipitated 
white, but when some muriatic acid was dropped in, the precipitate became blue. 
The white flocculent residuum, when treated with nitric acid as in the former 
experiments, was converted into the yellow molybdic acid. Another portion of the 
alkaline solution was evaporated to +, and in proportion as the evaporation ad- 
vanced, some of the white flocculent matter was precipitated* but I did not obtain 
any crystals. 

o. 2 oz. of lixivium of carbonate of soda were poured on 1 0 grs. of molybdic acid. 
In a few minutes carbonic acid was expelled, and when the molybdic acid was dis- 
solved, a small quantity of white flocculent matter was precipitated. The clear solu- 
tion was then poured from the residuum. Prussiate of pot-ash did not produce any 
precipitate till the alkali was saturated with an acid. The effects of muriate of tin 
were also the same as those mentioned in the former experiment. A part of the 
solution was evaporated to half, and the next morning I found crystals, which, 
though not very distinct, appeared to be in the form of four-sided tables with the 
angles truncated. These crystals dissolved jn water without leaving any residuum, 
and when the solution was saturated with muriatic acid, the molybdic was precipi- 
tated by prussiate of pot-ash, as in the former experiments. 

h. 2 oz. of carbonate of ammonia in solution were poured on lO grs. of molybdic 
acid, which appeared to< be mono readily dissolved than when the fixed alkalies were 
employed. The solution appeared slightly turbid, but very little of it was precipi- 
tated. The effects produced by prussiate of pot-ash and muriate of tin were the 
same as in the preceding experiments. When a portion, of the solution was distilled- 
to dryness, part of the molybdic acid remained unchanged, but another part was de- 
prived of oxygen, and appeared in the form of a dark grey powder. The remaining- 
part of the solution -was considerably evaporated ; and the following day I found a 

* From the effects produced by muriate of tin on the molybdic acid dissolved in water, in acids, and 
in alkalies, it appears that it always tends to deprive the molybdic acid of a great part of its oxygen; and 
when water is the menstruum, the muriate of tin does this effectually ; but whed the molybdic acid is 
dissolved in sulphuric or muriatic acid, the muriate of tin has no effect, because, as I conceive, the 
oxygen is supplied by the acid menstruum. This seems the more evident from the effect? produced by 
the muriate of tin when the excess of acid is saturated by an alkali.— Orig. 
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striated yellowish mass, which dissolved in water without leaving any residuum. 
This solution resembled the former in every respect. 

§13. Molybdic acid with sulphur.— To remove every doubt concerning the nature 
of the yellow acid obtained by the analysis, I made the following experiment. I 
put 20 grs. of the yellow acid and 100 grs. of sulphur into a small glass retort, and 
continued the distillation till the bottom began to melt. The residuum was a black 
substance, which was greasy to the touch, stained the fingers black, communicated 
to them a shining metallic lustre, and had all the other properties of the mineral 
known by the name of Molybdaena. I afterwards distilled this black matter with 
nitric acid, which converted it into a yellow powder, similar in appearance and pro- 
perties to the molybdic acid which had been originally employed. 

§ 14. General Observations. — It has been proved in the course of this paper, that 
molybdate of lead can be decomposed in the humid way by the fixed alkalies, though 
these have no effect when boiled with molybdaena mineralized by sulphur.* The 
state of the molybdaena in the 2 substances appears to be the cause of this differ- 
ence, for in the former it is oxygenated, but in the latter I conceive it to be in the 
state of metal. From the experiments of Scheele, it also appears, that of all the 
known acids only 2 have any effect on the sulphurated molybdaena, and that these 
2 are the nitric acid, and that of arsenic. The latter however seems rather to act 
on the sulphur than on the molybdaena ; but the former communicates oxygen to 
both, so to convert the one into sulphuric and the other into molybdic acid. 

The rapidity with which nitric acid oxygenates molybdaena, even to super- 
saturation, resembles the effects produced by the same acid on some other metallic 
substances, particularly tin ; for in both cases the acid ceases to act as soon as the 
supersaturation with oxygen is effected; and on this account the nitric |icid is unable 
to dissolve the molybdic acid. Before proceeding I must observe that whenever a 
solution of the molybdic add becomes blue, or tending towards that colour, it is 
a certain sign that the molybdic acid has suffered a diminution of oxygen. A variety 
of facts which prove this, have been already brought forward in the different experi- 
ments contained in this paper ; and I shall soon have occasion to mention others. 
Sulphuric acid can disolve a considerable quantity of molybdic acid ; and the solution 
is always more or less of a blue colour according to the quantity dissolved ; and the 
blue colour proves that the molybdic acid has parted with a portion of oxygen ; but 
if the solution be heated, the blue colour disappears, and returns again when the 
liquor becomes cold.-f* 

The cause of this I believe to be a change produced by heat in the respective de- 
grees pf affinity which prevail between the metallic base and oxygen, and between 
the base of the acid menstruum and oxygen ; so that when the solution is heated, 
the affinity between the blue oxyde of molybdaena and oxygen is increased, and a 

* Scheele’ 8 Essays, p. 230; and Mem. sur la Molybdene, par M. Pelletier. Joum. de Phys. 1785, 
p. 437 .— Orig. 

+ When lead or any other metal is present, the blue colour is permanent.— Orig. 
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portion of oxygeh therefore quits the acid menstruum, and dombitt&'toitk tile blue 
oxyde, which then becomes molybdic acid ; but as soon as the heat is dissipated; the 
cause of this augmentation of affinity ceases, and the acid menstruum ifttoives again 
the portion of oxygen from the molybdic acid, which then returns to ther stKtfe of a 
blue oxyde; or if the heat is continued till the solution is distilled to dryness, the 
residuum is the molybdic acid exactly in the same .state as k was before' the solution 
was made; for the continuation of the heat enables itto retain the portion ofoxygen 
requisite to constitute a metallic acid. - I do not therefore believe that the total 
quantity of oxygen in the solution suffers alteration any further than that it is dis- 
tributed in different proportions between the 2 acidifiable bases, sulphur and molyfc 
dsena, according to the temperature of the solution: 

As the affinity between azote and gxygeiv is •’comparatively weak, the metal 
molybdsena effects a ‘decomposition of' the nitrio add, and- acquires a sufficiency of 
oxygen to become molybdic acid, But as the affinity between sulphwland 6xygen 
is greater than that of azote, and algo >under certain circumstances superior ’ to 
molybdrsna, the latter requires the assistance of heat' to be able to retain a foil por- 
tion of oxygeu, and this incraiise of. affinity lasts no longer than during the con- 
tinuation of the heat. To corroborate this assertion, it will be proper to consider 
the effects, of muriatic acid, on that of molybdaena, especially as the affinity between 
the radical principle, or base ofothe muriatic add, and oxygen, is known to be so 
great, that no chemist harf as yet heen able to effect a separation of the constituent 
principles. " 

It has been mentioned, that molybdic acid when dissolved -in muriatic acid, also 
parts with, some .oxygen, and tinges the menstruum with a green colour. But .heat 
does not enable it to take back the oxygen, for it augments the effects of the mu- 
riatic acid, which, when distilled, passes oxygenated into the receiver, and the 
molybdic add is cqnverted into a bluish grey oxyde.* These effects clearly prove j 
that heat in this case acts inversely to what it did when the nitric and sulphuric adds 
were the menstruau For then the increase of affinity was between molybdaena and 
oxygen, but here, it is in favour of the base 6f muriatic acid ; so that by the con- 
tinuation of lieat, the muriatic add carries with'itinto the receiver a certain pdition 
of Oxygen, which it has taken from the molybdic* acid, and the latter is left 'in the 
state of an oxyde. • . » ' 

From this it appears that muriatic, acid uniformly tends: to deprive the molybdic 
acid of a certain quantity of oxygen,.* and that heat produces a contrary effect on 
this solution to that which it did on the one made with sulphuric .acid ; and heat 
and cold do not therefore produce a .change of colour. I do not however believe 
that muriatic add acts thus constantly on all those metals which can be dissolved by 
it ; on the contrary, there is a muriatic solution much resembling the sulphuric so- 
lution of molybdic add in the vicissitudes of colour which it exhibits by heat and 
cold. 

* Ele mea a d'Hist. Nat. et de Chimie, par M. de Fourcroy, tome 8, p. 4S9«~ Orig. 
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The phenomena which heat produces on the solution of cobalt in muriatic or 
nitron-muriatic acid, called sympathetic ink, have long engaged the attention of 
chemists and others, but as yet great difficulties have occurred whenever an expla- 
nation has been attempted. There can be no foundation for the idea which some 
have had, that the green colour, which characters traced with this solution on 
paper assume when heated, is caused by a temporary crystallization of the salt, and 
the disappearance of the colour by a subsequent degree of deliquescence ; because 
anjt quantity of the liquid becomes green when heated. 

The effects caused by beat on the sulphuric solution of molybdic acid have there- 
fore induced me to suspect a similar cause in the muriatic solution of cobalt ; and I 
believe that heat and cold in like manner causes a temporary difference to take 
place in the proportions of oxygen existing in the add menstruum and the oxyde ; 
and this is the more confirmed when the acid is expelled by too great a degree of 
heat, for then the changes of colour are no longer to be observed. Heat, it is 
well known, assists the combination of oxygen with the metals, but I do not be- 
lieve that the above-mentioned alternate effects of heat and cold have been as yet 
investigated. It is probable that these are not confined to the two instances which 
have been adduced, though i» other solutions they may not be so apparent. The 
subject Is certainly curious, and worthy of the attention of chemists, as it would re- 
flect rituch light on, the solutions o£ metals in general. 

When the sulphuric or muriatic- solutions of the molybdic acid are saturated with 
pot-ash or soda, they assume a very deep blue colour at the moment of saturation. 
The fltolybdaena ia not however precipitated in the form of the blue oxyde, but for 
the greater part remains combined with the acid menstruum and the alkali, and 
thus forms a triple salt in solution, which differs considerably from another triple 
salt, which is slowly precipitated at the time of saturation in the form of a white 
flocculent matter, and is composed of the same 3 ingredients, but contains the 
oxyde in the largest proportion. Sometimes a 4th ingredient becomes added to the 
last, mentioned white precipitate ; for when iron i9 present in the sulphuric or 
muriatic solutions, it is precipitated by pot-ash or soda intimately combined with 
the other ingredients, and appears to render the decomposition of the precipitate 
very difficult. Though the triple salt which is in solution will pass many folds of 
paper without leaving any residuum, yet it is not permanent ; for by repeated eva- 
porations, the neutral salt resulting from the combination of the acid menstruum 
and the alkali becomes crystallized^ and a white tiocculent matter is separated, which 
doea sot contain iron like that which was precipitated when the acid solution was 
saturated with the alkali, but can be converted into the yellow molybdic acid by be- 
ing distilled with nitric add, which takes from it the small portion of the acid men- 
struum and the alkali required to constitute the triple salt. 

It has already beets observed, that nitric add has no effect when immediately 
digested on molybdic acid, but l have found it otherwise when a 3d substance was 
present •> and the effects were nearly the same whether this substance was a metal 
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o t aq. alkali. The portion of molybdic acid which I detected ia the nitrio acid em- 
ployed to purify thfe ore, and Mr. Klaproth’s experiments made with the Mine acid* 
prove the first, and the experiment mentioned in $ 8 & a prtofof the latter. The 
phenomena which appeared in the last experiment throw some light on the effects 
produced by nitric acid dn molybdsena ; for when the sulphuric and muriatic solu- 
tions of the molybdic acid were 'saturated with pot-ash or soda, they gradually 
changed to yellowish green, and so on to blue, in proportion as the alkali was added; 
but when nitric acid was added to the alkaline solution, the change of colour was 
exactly the reverse of the farmer, for the changes were then blue, green, and yel- 
low, in proportion to the quantity of nitric acid. 

The cause of there effects I conceive to be the different degrees of oxygenation of 
the molybdsena ; for when the first portion of nitric acid was added, it rather com- 
bined with the alkali than with the molybdic acid, and the latter was therefore in 
some degree separated with a diminution of the original quantity of oxygen, and 
consequently appeared as the blue oxyde in solution. After this, the 2d portion of 
nitric acid began to oxygenate the blue oxyde, and therefore changed the colour of 
the solution to green ; but the 3d addition of nitric add acted hnmediatdy bn the 
oxyde, turned the solution yellow, and when assisted by heat, capped a quantity of 
the yellow molybdic add to be precipitated. The alkali however appears to have 
impeded the complete separation of the molybdic acid, and retained a part of it to- 
gether with the nitric add, so as to form a yellow triple salt; When the sulphuric 
and rauriatio solutions of the roolybdie add are saturated with ammonia, triple salts 
are formed, which are different in their properties from those which have been de- 
scribed ; for the triple salts produced tty ammonia are permanent,' and do not 
appear to be decomposed by evaporation. 

When iron is present in the add solution, sufficiently diluted, it is jfredpiteted 
by ammonia free from molybdic add, especially when the menstruum is the sul- 
phuric acid. The affinity of the molybdic add with muriate of ammonia is so great, 
that by sublimation it even iu part quits lead to unite with it, and that forms the 
blue triple salt, from which the Mile oxyde does not separate, but m proportion as 
k is deprived of oxygen by the gradual decomposition of the ammonia caused Ity re- 
peated sublimations. 

When the sulphuric solution saturated with ammonia is evaporated to a proper 
degree, the triple salt crystallizes in the usual figure of the sulphate Of ammonia, 
but the odour is bhush green. When however the evaporation is continued todry- 
nes* a pate greyish-blue salt is left, and by distillation this salt is decomposed, after 
the manner of the decomposition noticed ih the sulphate dF athmonia, and the 
motyfadrena remains m the form of a black powder, deprived of oxygen. 

I think it necessary here to observe, that When molybdsena is not 'in the metallic • 
state, it appears to suffer 4 degrees of oxygenation. The first is the blaek oxyde ; 
the 2d is the bide oxyde ; the 3d is the green oxyde which, as it seems to be inter- 
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mediate between 'an. oxyde and an afcid, I am inclined to call tnolybdous acid, ac- 
cording to the distinction made by the new Nomenclature ; the last and 4th degree 
is the yellow acid, or that which is supersaturated with oxygen. 

The affinity between molybdasna and oxygen is but weak, at least in respect to 
that -portion' whioh is required to 'constitute molybdic acid ; for it has been proved, 
in the course' of theseexperimentt; that considerable changes are produced by a 
very small difference in the proportions of the acids or alkalies, and even by the 
degrees, of heat , Scheele and Mr. Islmann have observed, that all of the metals, 
excepting gold and platina, are able in the humid way to deprive the molybdic acid 
of oxygen, so as to cause it to become blue ; but here their, effects appear to cease.’ 
M« Pdletier found that a solution of molybdic acid was turned blue when hydro- 
genous, gas wag passed through it. Mr. Klaproth has also remarked that light, 
under certain- circumstanced, changed the colour of molybdic acid to blue. And 
theqffects of light appear in some measure to be connected with the following 
experiment. . .. 

{ made a solution of the molybdic acid, by digesting sulphuric acid on molybdate 
of Jead, . and diluted it with an equal quantity of water. The solution was filtrated, 
and 1 then added a solution of hepar sulphuris till the brownish-red precipitate 
which was produced begin to faH much paler. After this the liquor was filtrated, 
and Was of a pale beer colour. I placed it accidentally in an open glass jar, on a 
abelf near a window, on which the sun shone during a great part of the day, and 
was-surprized to observe that in about 2 days it began to assume a greenish tinge, 
which gradually became deeper ; on the 3d day it- was of a full green, on the 4th it - 
had a tinge of blue, on the 5th the colour was greenjsb-bhie, and on the 6th day it 
was changed to a beautiful deep blue. The solution continued all the time to be 
transparent; and though the vessel remained 4 weeks in the same situation, the 
blue colour suffered no further change. This solution much resembles that which 
Scheele discovered in the course of. his experiments on manganese ; but the apparent 
similar effects, I believe, are produced by opposite causes ; for the changes of co- 
lour in the alkaline solution of manganese appear td be effected by the absorption of 
oxygen* but those of the' molybdic solution are caused by a diminution of the in- 
herent quantity. 

The contrast of the causes which operate on the 2 solutions becomes the more 
evident when the effects which acids produce on them are considered ; for when a> 
few drops of an acid are added to the solution of manganese, the changes of colour 
are accelerated, not merely by the neutralization of the alkali and consequent pre- 
cipitation of the manganese, but, as I conceive, by the accession of oxygen either 
immediately from the acid, pr from the atmosphere, which the manganese: is better 
able to absorb when the disengagement of it from the alkali is thus assisted by the 
addition of the acid. On the contrary, when nitric acid is dropped into the molybdic 
solution, the colour is immediately destroyed, in the same manner’ as in all the 1 
other blue solutions of molybdsena when oxygen is thus presented to them. The 
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facility with which molybdsena puts with oxygen is evinced hot merely in the humid 
way, for M. Pelletier found that molybdic acid yielded oxygen to arsenic when dis- 
tilled with it, and that the. latter was converted into a white oxyde. The samfe is 
alsoproved by my experiments on various oxydes distilled with sulphate of ammonia; 
for the molybdic add was the only one which could thus be deprived of oxygen, not 
excepting the, tungstic add, which has been supposed much to resemble that of 
molybdsena. 

•Ji.Hr. Observations of the Diurnal Variation of the Magnetic Needle at Fort 
Marlborough ,' Sumatra. By John Macdonald, Esq. p. 340. 

These observations were carefully made in a wooden building, having nothing of 
iron near it. They were taken 3 times mostly every day, at the hours of 7 or 8 in 
the morning, and at noon, and 4 or 5 afternoon; from June 27, 1794, till the 
middle of March 1795* The thermometer was commonly at about 80°. 

It appears from these observations, that the diurnal east variation of the variation^, 
increased from about 7 in the morning till 5 in the afternoon, and that if thence 
"decreased till. 7 in the morning. The whale variation was, on a medium, .about 
1° 8' east ; and the change in the variation, between morning and evening, 2 or 3". 

It appears in general, that such diurnal variation of the variation as had beep observed 
during thunder, is greater than it ought to have been, caateris paribus. . It ha? 
been remarked, that heat weakens the magnetic virtue, and that cold .strengthens 
it. Supposing, with Dr. Halley, the existence of 4 magnetic poles, by blending 
this supposition with the above principle well .ascertained, attempts have been * 
made to account for the diurnal variation of the yariation. . The south-east mag- 
netic pole being less heated in the morning, either by the sun or by subterraneous 
fire, than towards noon, and in the afternoon, apd being at the same timg, by 
passing through the meridian of Celebes, nearer Sumatra than the south-west mag- 
netic pole, it draws to it in the morning the south end of the magnetic needle more 
powerfully than the other attracts ; and consequently the diurnal variation of the 
variation ought to be, and actually is, kss in the morning than in the afternoon. 

In the progress of the day, the south-east magnetic pole having beoome heated, and 
the south-west pole being at the same time less heated, attracts the south end of 
the magnetic needle more powerfully than the other does ; and hence the east 
diurnal variation of the variation appears greater in the afternoon than in the morn- 
ing. It is found' in Europe, that this diurnal variation of the variation is greater in 
summer than in winter.' This seems to point out heat acting on magnets in the 
earth, as its efficient cause. This was first observed in Europe in 1756, by Mr. 
Canton ; and the, results ‘of the foregoing observations being diametrically opposite 
to his, with similar effects, affor^ not a small confirmation of the essential part of 
Halley *8 theory. ' 

Prom the greatness of the angle of dip of the needle, we are led to supposp that 
the magnetic poles are fixed within the magnetic nucleus far within the earth’s sur- 
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face, and that some of these poles are more powerful in their action than others, 
from the variation observed in various places of<the globe. 

XIV Discovery of some very Singular Balls of Stone, found, in the JYorks of the 
Huddersfield Canal. By Mr. Benj. Outran, Engineer, p. 350. 

The Huddersfield canal is to be carried through that chain of mountains which, 
extends from the Peak of Derbyshire, in a northward direction through Yorkshire 
&c. into and through a great part of Scotland, by pursuing from the navigation at 
Huddersfield a deep and narrow valley to Marsden, where it enters the north- 
eastern foot of one of these mountains, called Pule Hill, under which it is to be 
extended south-westwardly by a subterraneous cut or tunnel to tire foot of Stand 
Edge Hill, or Brunn Clough, where it again excavates ; and pursuing the bottom 
of a deep valley into Saddleworth, passes along the banks of the Tame to Ashton- 
under-Lyne, where it joins the canals that extend to Manchester, Stockport, Peak 
Forest, See. 

In the latter end of the year 1794, the miners employed by the canal company 
began to perforate the north-eastern foot at Pule Hill : the strata they first cut 
through consisted of a'greyish coloured shale, the beds or laminae of which did not 
lie quite horizontal, but dipped or declined a little to the westward. The strata 
„ continued regular till the workmen had perforated about 240 yards in length 
from the entrance of the hill, and were about 80 yards deep from the surface of the 
ground immediately over-them, when they discovered on the north side of their work 
a fault, throw, or break of the strata, which was filled with shale, reared on the edge, 
and mixed with softer earth, and in some places with small lumps of coal. In con- 
tinuingto pursue the direction of the tunnel, this fault occupied by degrees moreof the 
space of the tunnel, for about 40 yards in length, when it nearly occupied the whole 
tunnel, which is near 4 yards in width : and at about 5 feet from its southern mar- 
gin it contained a rib of lime-stone, near 4 feet thick in the bottom, but not quite 
so thick at the top of the tunnel ; and on each side of this rib it contained balls of 
lime-stone promiscuously scattered, and of various sizes, from 1 ounce to upwards 
of 100 lbs. weight. 

The rib and balls of lime-stone were first found at about 280 yards from the 
north-eastwardly end of the tunnel, where it is about QO yards in perpendicular 
depth from the surface ; and the workmen have now pursued the tunnel to near 
350 yatHs from the entrance, and the rib of lime-stone and balls continue nearly 
the same ; the rib has varied a little in thickness, and has not pursued a straight 
line ; in one place it nearly left the tunnel to the northward, but in a few yards 
turned Southward, to its former direction. The lime-stone of the rib is not per- 
fectly pure, that in the balls is still less so, but it makes a good lime for cement. 
The balls when broken appear to be mixed with a kind of pyrites, in small particles, 
near their outward edges ; their form is very peculiar, being similar in all their 



'31 


vot. txacxvi.] wmMtmn&u. WJursACTtoir*. 

sites ; it is not perfectly globular,, being flattened a little on two opposite skfea, 
which appear to have been the poles when m a revolting state ; and each ball is 
more or less furrowed in a latitudinal direction, as if, when revolving round its 
axis, and taking its fixed state from a more fluid one, it had met with some resist- 
ing substance. 

Though the surface of this country is wery rocky, if does not discover lime-stone 
any where within 20 mHes of this tunnel ; yet if the strata near the lime-stone at 
Buxton to the south, and -at Clitheroe to the north, are examined, it will appear 
probable that the base of these hills is lime-stone at some depth, and this fault dis- ' 
covered in the shale probably extends fr6m the lime-stone bed beneath ; and the rib 
of litne-stone and balls whieh, with other mixed substances, fill up this crevice or 
fault, were probably thrown thither from the mass beneath, by the volcanic erup- 
tion which -first occasioned this break in the strata, or by some subsequent eruption 
of the same kind. 

XV, Account of the Earthquake felt in Various Parts of England, Nov* 18, 1795. 

By Edw. Whitaker Gray, $1. D., F, R. 5. p. 353. 

This earthquake happened about 11 o’clock at night, of the day above-mentioned. 
It appears that the shock was felt as far to the north as Leeds, and as far to the 
south as Bristol. To the east it was felt as far as Norwich, and to the west as 1 far 
as Liverpool. Its extent from north to south therefore was about \65 miles; and 
its extent from east to west about 175. In this latter direction, or rather from 
north-east to south-west, it may be said to have reached nearly across the island. 
The counties in which it has been perceived are, Somerset, Wilts, Oxfordshire, 
Buckinghamshire, Northamptonshire, Huntingdonshire, Norfolk, Lincolnshire, 
Leicestershire, Warwickshire, Gloucestershire, Herefordshire, Worcestershire, 
Staffordshire, Cheshire, Derbyshire, Nottinghamshire, Yorkshire, and Lancashire. 
To which may probably be added the counties of Rutland, Berks, Bedford, Cam- 
bridge, and Shropshire. I have not indeed met with any account of the earthquake 
from either of them; but, whoever will examine the situation of these counties,, 
with respect to those above enumerated, will find it difficult to oonceive that they 
were not, in some degree, affected by it. 

The accounts of it from different places are nearly alike: the duration about 2 
seconds. From Worcester the following account of it was sent by Dr. Johnstone 
of that city, in a fetter dated Nov. 24; which may be considered a pretty good 
specimen of the several accounts. “ The earthquake was chiefly felt by persons in 
bed, about 1 1 o'clock, or 5 minutes after, who describe the sensation to have beerr 
as if some person under the bed had heaved it up. That sensation was preceded, 
the instant before, by a noise which some call rumbling, and which others compare 
to foe falling of tiles, though none fell from the houses where they lived. Many 
persons heard the windows and doors of their rooms rattle at the same time, which, 
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increased their alarm* Thunder and lightning had' beefr observed some days before ; 
apd. several persons, of a delicate state of health, .passed the night. of the- 18th in 
a' restless uneasy manner, without knowing why, though very much in -the , manner 
up which they used tp , be affected by thunder and lightning.” v 1 ■ 

In Derbyshire the shock appears to have been very severe. A description of ita 
effects, not only on the earth, but also under its surface, -is contained in the two 
following letters from Mr. Wnj, Milnes, of Ashover: the first is dated $Iqv, 30 . 
“ On Wednesday night, about q quarter past 1 1, o’clock, a severe shock of an earth- 
quake was felt h§re. I felt it very sensibly; at first 1 heard a rumbling kind of 
noise, and immediately after it appeared as if some persons had violently forced into 
the room; the bed, f nd every thing, else, shaking very much. The workmen in 
Gregory mine were so much alarmed by the noise, and the sudden gust of wind 
that attended it, as to leave their work; some expecting that the whole mass of 
bunnings above them, which contains many hundred tons weight of rubbish, had 
given way, and that they should be buried in the ruins; others, who were at work 
near the new shaft, supposed that the curb which supports the walling had given 
way, and the whole shaft had ruu in. Several chimnies were thrown down, and 
several families left their habitations; indeed such a general alarm was never known 
in. this neighbourhood.” / 

The gust of wine} mentioned by Mr. Milnes being considered as a remarkable 
circumstance, he waq. desired to make some further inquiry concerning' it: in con- 
sequence of which a second letter was received from him, dated Dec. 4, as follows. 
“ I have examined all our miners separately, and, from the following circumstances, 
I think there cannot be a doubt but the wind which was felt in the mines, on the 
18th of last month, rushed into, the shafts from the, surface. Those men who were 
at work in the pumps, which are a considerable depth below the waggon gates, and 
have no communication with .them, did not feel the wind; but heard iu the first 
place, a rushing rumbling kind of noise, which appeared to be at a distance, and 
to come nearer and nearer, till it seemed to pass over them, and die away, Those 
who were in the waggon, gate which has a communication with the engine shaft; 
and the new shaft, felt a very strong current of wind: which, one roan says, con- 
tinued while he walked about 6 or 7 yards, and came along the gate, as if it came 
from the new shaft;- he had no light, but, as he went along the ‘gate, its sides, 
where he laid his hands, felt as if they were going to close in upon him. 

“ The only one who saw any appearance of light, on that evening, in this 
neighbourhood, was a person who lives with Mr. Enoch Stevenson, the miller, at 
Milk Town, He informs me that, as he and another man were returning from 
Tideswell, he saw, when he got on a piece of high land near .Moor-hall, on tfie 
road to Chatsworth, an uncommon light; and, when looking towards Chesterfield,- 
the sky appeared to be open for about the length of a mile, the colour pale red, 
and continued so while he awakened his fellow servant, who was asleep in the 
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waggon, to show him the strangest flash of lightning that ever was seen. From 
his description, the range of it was from east to west ; and so low in the horizon, 
that, had he not been on high ground, he could not have seen it.” 

XVL Newton's Binomial Theorem Legally Demonstrated by Algebra. By the 

Rev. Wm. Sewell, A. M. p. 383. 

fll 

Let m and n be any whole positive numbers; and (l + x) n a binomial to be ex- 
panded into a series, as 1 -f- ax 4* bx 3 -j- cx 9 4* &c. where a, b, g, d, &c. are the 
co-efficients to be determined. 

m 

Assume v m = (1 + x)" = 1 -f ax + bx 3 + ex® + dx 4 + fee. 

m 

And z" = (1 + y)"= 1 4* Ay + b y 3 + c y 9 + n y* + &c. 

Then will v* s= 1 -f- x, and z" = 1 + y ; x" — z" = x — y. 

And t/* — z* = A X (x — y) + B X (x 3 — y 3 ) + c X (x 3 y 8 ) -f- &c. 
Consequently = a + b X (x + y) + c X (** + xy + y 3 ) -f- &c. 

Now x" — z" =s (v — z) X : x*~ l + 1 /* _ * z + v m ~ s z 3 + &c z"~'. 

. Also x" — z“ = (x — z) X : x" -1 + v H ~* z + x"~* z 3 + &c z"”'. 

Tbercfore £5? reduce8 t0 > and hec P m€S = 7^^ t ' tc. 

as A + b X (x + y)+ c X (x 3 +xy *f y 3 ) + n X (x 9 + xty + ay 3 + y 3 ) -f &c. 

The law is manifest; and it is also evident that the numerator and denominator 
of the fraction respectively, terminate in m and n terms. Suppose then x = y ; 


then will v = z\ and our equation will become or, — — = a + 3bx + 3cxV 

+ 4DX 9 + &c. 

But x" = l + x » therefore by multiplying we have — = A 4* ( A + 2b)x + 
(3b + 3c) x 3 + (3c + 4b) x 9 + &<*• Or x" = 

” C ** + & c * Compare thia 
with the assumed series, to which it is similar and equal, and it will be, 

" = J . = A ; = Jte. _ &C. 

m m m 

m m — » *» — 2» * 

A = B = — — A; C = — — B; &C. 
u 9 1.2ji 9 1.2.3.* 


/. . \* *A , «A + 2WB _ , 

<■ + *) =■;+— — * + 


2mb + Smc a , 
— — X 3 + 


Therefore (l -f- x)* = 1 + " x + 


M X 1* — H 


x* + 


m X m — i ix m — 2fi 


X 9 + &c. 


the law is manifest, and agrees with the common form derived from other principles. 

Schol. In the above investigation, it is obvious that unless m be a positive whole 
number, the numerator above-mentioned does not terminate: it still remains there- 
fore to show, how to derive the series when m is a negative whole number. In thia 
case, the expression (x" — z") assumes this form, Vm — z£, or its equal - 


which divided by x* — z", as before, gives 

1 X z "~ ^ _ J_ v - (t> - z) X + rr-z + 

V' - 2* *“ iTi- A tv - 


rr 


v m i 


z) x : v*-* + v - 2 + v-» 2 » + * ^ C * ” «rr x 
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= (when r = z) - 
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r-' + v' *z + r-H*+ he. — v ' — n * W ^ 1C ^ * s t ^ ie 

same as the expression ( ) before derived, with only the sign of m changed. 

The remainder of the process being the same as before, shows that the series is 
general, or extends to all cases, regard being, had to the signs, a. e. d. 


XVII. A Description of the Anatomy of the Sea Otter, from a Dissection made 

Kov. 15, 1795. By E. Home, Esq., F. R. S., and Mr. Arch. Menzies. p. 385. 

The subjects from which the following description is taken, were procured from 
the natives on the west coast of America, near Queen Charlotte’s Isles, by Mr. A. 
Menzies, surgeon in the navy, and naturalist to the expedition fitted out by go- 
vernment for making discoveries, under the direction of Capt. Vancouver. The 
tea otter is not confined to thie particular situation; it was met with in the course 
of the voyage every where aloug the coast, from 30° to 02° north lat., and some- 
times even 100 leagues out at sea. Two sea otters were examined, both of them 
males ; one was a cub not old enough to leave the mother, the other appeared to 
be full grown. 

A description of the external appearances. — The large one measured 4 feet 4 
inches from the nose to the extremity of the tail. The body appears a little com- 
pressed, and is nearly of the same thickness throughout ; its circumference is 2 feet 
A\ inches. The colour of this animal Varies in different subjects, but in general 
the head and neck are grey, or of a silver colour ; the back, sides, legs, and tail, 
black and glossy ; in some, the longest hairs are tipped with white, which gives 
them a beautiful greyish cast ; the breast and belly also vary from a silver grey, to 
different shades of light brown. The long hairs shine with a brilliant gloss, but 
the short for is exceedingly fine, soft, and thick set ; and its colour is either a light 
chesnut-brown, or it has a silver hue, and a beautiful silky gloss. In the cub 
State, the hair is a long, coarse, shaggy fur, of a brown colour, destitute of any 
gloss ; but as the animal grows up the fur becomes finer and more beautiful. 

There are 2 nipples, one on each side of the sheath of the penis, nearer to the 
anus than to the external orifice of the sheath. The sheath of the penis does not 
project beyond the skin of the neighbouring parts ; its external orifice is 7 inches 
from the anus, but the sheath itself extends ip inch further on under the skin of 
the belly ; by which means the penis, when inclosed in it, has its point more effec- 
tually defended from injury. The bead is somewhat compressed, and small for the 
size pf the animal. The nose and upper lip are very muscular, and protrude about 
1-f inch beyond the gums and lower lip. The eyes are small, and placed directly 
ewer the angles of the mouth, about 4 way between the ears and the tip of. the 
nose. The ears are nearly naked, black, slightly notched at the ends, and about 1 
inch long ; they are 6 inches removed from the tip of the nose. The whiskers 
are in great number, they are white and strong, they arise from the upper lip on 
each side of the nose. There are a few weak longhaiss on the eyebrows. 
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In the upper jaw there are 6 conica) incisor teeth, regularly placed ; of these the 
middle ones are the smallest. Two strong conical fangs, £ths .of an inch long, • 
measuring from the edge of the gems ; on each aide there are 2 small obtuse 
pointed teeth, of which that next the fang is much the smallest ; and 2 broad molares 
with very irregular grinding surfaces. In the lower jaw there are 4 incisores, flatter 
than those in the upper ; 2 fangs, shorter than the upper ones ; and on each side 
ft email teeth and 3 molares, similar in appearance to those in the upper jaw. 

The fore legs are short and strong, with pal mated feet; each foot has 3 toes. 
They, are covered with a thick black fur, which has a fringe of the same colour 
round the edge of the sole of the foot, where the fur terminates. The hind legs, 
when stretched backwards, reach nearly to the end of the tail, and are well adapted' 
for swimming, having 5 long wide-spreading palmated toes with daws, of which the 
innermost is the shortest ; they measure across 8 inches, and are completely covered 
with fur, except a small spot under the extremity of each toe. The claws are of a 
light colour, and channelled on the under surface ; those on the fore feet are small, 
and placed so far back that they seem of little use but as a defence for the upper 
part of the toe ; those on the hind feet are stronger, and project beyond the toes. 
The tail is flat, and tapers to a sharp point ; it is covered with a thicker short fur 
than any other part of the animal. 

A description of the internal parts. — The pannicdus oamosus, which lies imme- 
diately under the skin, is very strong, and extends over the greatest pert of the body. 
The tongue is 4 inches long, and rounded at the end, in which there is a slight 
fissure, giving the tip a bifid appearance. The papillae on its surface are soft ; they 
are long towards the root, but less so near the tip. The os hyoides, thyroid, and 
cricoid cartilages are small for the size of the animal, and weak in their texture. 
The cricoid cartilage is not a circular ring, but made up of 2 equal parts, united 
anteriorly ; their lower edge at this union forms an acute angle, the 2 sides pass a 
little down upon the trachea as they go round it ; and the lower edge laps over the 
upper annular ring of the trachea. The thyroid gland is small, and divided into 2 
parts. The epiglottis is short, and its edges are attached by means of a ligament to 
the inner side of the thyroid cartilage. The passage of the glottis is small. The rings 
of the trachea are circular, and disunited behind, so that their edges meet, and wheq 
pressed on, they lap over each other, being bevitled off for that purpose. Towards 
the bifurcation of the traohea, the space behind, which is not occupied by the carti- 
laginous ring, is much increased. This space is occupied by a muscle whose princi- 
pal fibres are transverse. The traohea is very elastic in a longitudinal direction : 7 
inches of its length being readily elongated to and immediately on being left 
to itself it contracts to its former state. 

The lungs on the right side have 3 lobes, 2 large and one small azygos lobe { 
the lower fobe sends a process between the pericardium and diaphragm. On the 
left side there are 2 lobes. The lungs were completely empty, so as readily to sink * 
in the spirits in which they had been preserved ; the cells are eery small, and so 
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elastic that they are difficultly expanded, and readily collapse. The anterior' medi- 
astinum is of considerable breadth, but free from fat, consisting of nothing besides 
the duplicature of the pleura. In the foetus there is a very large thymus gland, 
convex on its external surface, and concave on the other. The heart is inclosed in 
a thin pericardium, is rather short, free from fat on its external surface, and rounded 
at the apex. The ventricles have no communication between them, but the fora- 
men ovale between the auricles remained open ; the passage was however so oblique, 
that it must have acted as a valve ; it admitted a crow quill. In the foetus it was 
less oblique. The structure of the heart, and the valves of the aorta and pulmo- 
nary artery, are the same as in other animals. There were no remains of the ca- 
nalis arteriosus. The aorta had nothing unusual in its appearance, but the vena 
cava descendens is very large ; when slit open, its breadth is 5^ inches. The oeso- 
phagus is small for the size of the animal. 

The stomach is bent on itself, the pylorus being on a line with the entrance of 
the oesophagus, and not at a great distance from it. The cardia does not project 
much into the left hypochondre ; and that half of the stomach next the pylorus is 
much smaller than the other. The coats are thin. The internal surface is free 
from rugae ; the posterior portion is smooth, without any appearance of glandular 
structure ; the anterior portion is more vascular and villous. At the pylorus there 
is an oval part of the internal surface of a dark colour, and rougher or more villous 
than the rest of the stomach, with a determined edge ; the small end of the oval 
extends about 4 an inch beyond the pylorus into the duodenum ; the larger end 
goes some way into the stomach, and extends chiefly over the posterior surface, also 
a little way beyond the great arch anteriorly, covering about the breadth of this 
part of the stomach,; it is nearly as long again as it is broad. This part is pro- 
bably glandular ; it was only seen in the young subject, which from the smallness 
of its size was more perfectly preserved, and its internal parts better fitted for ana- 
tomical examination. At the pylorus there is the usual thickened valvular appear- 
ance. The stomach was entirely empty, and in a very flaccid state. 

The duodenum makes a considerable bend downwards on the right side before it 
crosses the spine, to become a loose intestine ; there is no coecum or difference of 
size in the intestines, they are all strung upon the mesentery till within 1 5 inches of 
the anus ; this part of the gut crosses the spine above the root of the mesentery, 
and passes down to the anus. The intestines have no valvulae conniventes ; they 
were 52 feet long, which is 12 times the length of the animal. In a common otter; 
the intestines are only 3-j- times the length of the animal. In a common, otter 2 
bags are found at the anus, but there are none in the sea otter. The mesentery is 
7 inches broad, and its lower part, which may be called meso* rectum, is only 5 
inches in breadth. The mesentery is thin, and has a great many blood-vessels 
which are accompanied with fat. There are no lymphatic glands on the general 
membrane, but a cluster of veiy large ones close to the root of the mesentery. 
The lacteals appear a little larger than in the human subject, but the circumstance 
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of the animal having been 2 years in spirits, was very unfavourable for their exami- 
nation. The omentum is a thin reticular membranous double bag, covering the 
whole of the intestines ; it is attached anteriorly to the great curvature of the sto- 
mach, but not to the duodenum ; posteriorly to the loins. 

The liver is made up of 5 lobes, besides the lobulus Spigelii ; 3 on the right of 
the falciform ligament, 2 on the left. The gall-bladder is found in the usual situ- 
ation, is bent in the middle upon itself, and is 6 inches long. The cystic and he- 
patic ducts unite at the external surface of the duodenum, forming a common canal, 
or ductus communis choledochus, about 14- inch long, of an oval shape, with an 
irregularly rugous internal surface, placed between the muscular coat and the in- 
ternal membrane of the intestine ; it opens into the duodenum by a projecting 
orifice 2 ± indies from the pylorus. The vena portarum is very large, and the pas- 
sage behind the ducts of the liver into the cavity of the little epiploon is also larger 
The pancreas is situated across the spine behind the stomach, it is not confined 
within the usual limits, but extends along the posterior membrane of the omentum - 
It is sub-divided into a number of small parts, of an oval shape, all at a certain dis- 
tance from each other, united by blood-vessels resembling small leaves on the branch 
of a shrub. The little pancreas puts on the same appearance,, covering the whole 
zneso-duodenum, which is unusually broad. The duct of the pancreas is of the 
ordinary size, it opens into the duodenum by a separate orifice inch from the 
pylorus. In the common otter the pancreas has not this unusual sub-divided ap- 
pearance, and the duct opens by a common orifice with those of the liver into the 
duodenum. 

The receptaculum chyli is an oval bag, 4- of an inch broad, from which 2 
trunks go off to form the thoracic duct, each of them about 4 th of an inch in dia- 
meter ; these anastomose frequently in their course, so that there are always 2 , 
sometimes 3, and even 4 trunks, running parallel to each other ; the. thoracic duct 
is 8 inches in length. The kidneys are conglomerated, 6 inches long, and 3 broad. 
The urinary bladder is pendulous and pyramidal, and the ureters open into it very 
near each other at the lower posterior part. The testicles are situated under the 
external skin on each side of the sheath of the penis, but have no pendulous Scro- 
tum. They are small, flat, and oval. The tunica vaginalis communicates with, 
the cavity of the abdomen. The cremaster muscle is very strong. The vasa de- 
ferentia, as they pass behind the bladder, become a little convoluted, and open into 
the ufethra at the caput gallinaginis. The penis, in the relaxed state, is 8 inches 
long, the bone 6 inches. The corpora cavernosa are small, but strong in their 
coats* The bone near its anterior end appears to be covered with a quantity of 
loose cellular substance ; this in the erected state is filled with blood, and forms a 
large glans 6 inches in circumference, and 4 inches long ; its. anterior extremity ia 
concave, and the end of the bone is seen in the centre. The penis, when erect, is 
1 1 inches long. The erectores muscles are very strong. The globe of the eye is 
extremely amall, and the optic nerve is small in the same proportion. Its, internal 
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parts were not in a state to bear examination. The articulation of the lower jaw 
admits of no motion forwards or laterally ; it is a simple hinge an inch long, an d 
very narrow. The condyle of the jaw is so much inclosed in the socket as to be 
with difficulty disengaged. The ribs are 14 in number, 9 true, and 5 spurious. 

XVIII. Observations on some Ancient Metallic Arms and Utensils ; with Expert- 
, ments to determine their Composition. By George Pearson, M. D., F. R. S. p. 3 Q 5 . 

Most of these articles, communicated by the president. Sir Joseph Banks, Bart, 
were found in Lincolnshire, in the bed of the river Witham, between Kirkstod and 
Lincoln. Several of them were discovered when that river was scoured out in 1787 
and 1788. The instruments were evidently made of what are commonly called 
brass, and iron. The brass instruments were allays of copper by tin ; and the 
supposed iron implements were found to be steel. It may be proper here to ob- 
serve, that brass is a term commonly used to denote any metallic composition the 
principal ingredient of which is copper ; but the roost accurate writers in chemistry 
use the term brass, with more precision,' to denote only the compound of copper and 
.zinc ; and therefore (says Dr. P.) I shall employ it in this latter sense. 

‘ SECTION I. OF THE COPPER INSTRUMENTS. 

^ 1 . Miscellaneous historical observations. — -The articles belonging to this head 
were 7 in number ; namely, a lituus, a spear-head, a sauce-pan, a scabbard, and 3 
oehs. 

1. The lituus.— This is represented, pi. l, fig. 1. It is well known to have been 
a military musical instrument of the Romans. Several classical writers mention it, 
as Horace, ode i. Virg. iEn. 1 . vi. v. 162. Georg. 1. iii. v. 182 . It is supposed 
fey judicious antiquaries to have been adopted from the barbarous nations ; and 
that the figure of it was intended by them to resemble a snake, the principal object 
of their religious worship, and of the most sacred mysteries of the Druidical reli- 
gion. If these remarks be true, they throw new light on the crooked staff of the 
augurs, which the lituus muoh resembles. It is accurately represented among the 
trophies which ornament the base of Trajan’s column at Rome, erected in memory 
of his conquest of the Dacians and Sarmatians, and covered with bas-reliefs, de- 
scribing the events of that war. The lituus is also found on the reverses of some 
Roman coins : see fig. 2. 

The present specimen is imperfect, a' little of both ends being broken off: it is 
however a very valuable relic, as there is little doubt that it is the only one known 
to be in any cabinet at this time in Europe. It has been-neatly made. The parts 
which appear like joints are’pieces which slide over the tube for ornament, or. per- 
haps for holding the instrument more conveniently. It had the appearance of a 
brazen tube, from which a great part of a blackish costing has been rubbed off. 
It was evidently made of a plate of hammered metal of about ^Vth of an inch thicks 
The juncture of the edges of the metal, the whole length of the tube, was pre- 
served by means of a solder clumsily applied, by melting it withinside the tube* 
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This solder, which was readily melted out by a red-hot iron, was ascertained to 
be merely tin ; for it afforded rapidly oxyde of tin by applying nitric acid; the cold' 
saturated solution in muriatic acid afforded Cassius’ precipitate on dropping into it 
uifro-munate of gold ; and it afforded no acetite of lead on digesting it in acetous 
> acid. The black coating was easily scraped off with a knife, but the quantity of it 
was too small to enable me to determine whether it had been applied by art, or wa» 
.the accidental effect of the mud or earth in which it had.been buried for many ages. 
The ancients, as Pliny informs us, stained plates of one sort of copper, the ses corona- 
rium, with ox-gall to make it look like gold ; and the crowns and chaplets of public 
actors were made of copper so coloured *. It perhaps will not appear very impro- 
bable that the coating of the lituus was with this substance. 

a. Fig.% represents a spear-head* Id Sir Jos. Banks’s collection there is a, 
British spear-head of bone, a Norman one of iron, and a third, the article before 
us, of copper, which is believed with the greatest reason to be Roman workman^ 
shipd*. This Roman spear-bead is worthy of admiration and imitation, on account 
of its figure, weight, and size, a9 an offensive weapon. It is however made of 
cast metal, as appears from its rough surface, figure, texture, and grain* That it 
is made of bad metal will be made appear hereafter. It has not been hammered* 
hut has been cast hollow to receive a wooden shaft, and in order to he light and 
save the expence of metal. It is evident from its figure; that it is of the very best 
conceivable form for piercing, and for inflicting the largest wound at the least ox- 
pence of weight and bulk. 

3. The sauce-pan is represented in fig. 3. From its form and the grafo of its 
fracture, and its being one entire piece, it appears to have been made of cast metaL. 
It is considered to be a piece of Roman workmanship. It ia neatly and curiously 
grooved at the bottom, to admit the fire to penetrate to the contents more easily* 
On the handle is impressed, seemingly with a stamp, c. arat; which letters may 
possibly signify Caiua Aratus, as .the latter part of the stamp seems not to have 
made an impression. It appeared to have been tinned, but almost all the coating 
had been worn off. As it was said that it had been used by some boatmen, for 
Borne time after it had been found, it might have been tinned after it got into their 
possession. The art of tinning copper however was understood and practised by 
the Romans though it is commonly supposed to be a modern invention; so that 
it ia not very improbable that this utensil was originally covered with tin by that, 
people. 

4. Fig. 4< represents the scabbard with a sword of iron within it, supposed to be 
either Danish or Saxon, being found in the Withara near the scite of Bardney 

• " Cofooarkun tenuatnr tn famines, taurorumque felle rinctwnr, specietn auri in coronis histrionum 
jpraabet.” Pliny, lib. 34, cap. 8.—+ An instrument is described and represented by a figure in the 
Archarologia, vol. 9, fig. c, exactly like this spear-head, and it is deemed to be Roman. — 1 *' Stan- 
num illitum seneis vasis, saporem gratiorem fecit, et compesdt seragime virus.'* Pliny, lib* xxxfct 
«*p* xvii.— Oig. 
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Abbey, destroyed by the Danes in 870, (Tanner’s Not. Monast. p. 248:) In 
Strutt’s J?ojit>a Knjel-cynnan, where he describes the customs of our Saxon and 
Danish ancestors, such swords frequehtly occur; especially in the lives of the 2 
Oflas. Similar swords are also in the hands of the Danes, who are killing the 
abbot of Croyland on the shrine, as delineated by Dr. Stukeley, in the Phil. Trans, 
vol.' 49, p. 597- The brass scabbard possesses some degree of elegance, and much 
accuracy of workmanship. It appears to have been originally covered with a bright 
blue varnish, but the quantity was much too small for ascertaining its nature. 
Exactly such a sword as this is represented at the side of a Danish soldier, in pi. 2 6 , 
vol. 1, of Strutt’s work just quoted. The sword within this scabbard was destroyed 
by rusting, and could not be drawn out. The pommel and guard had been broken 
off. There was a plate of open work, about 4 inches long, laid over one side, 
and near the top of the scabbard; and at the bottom, on one side, was a sort of 
joint; and on the 1 other and opposite side was a bas-relief figure. The scabbard 
was made of hammered metal, and was perhaps about -jV of an inch thick. 

The next, and last 3 articles under the present head, are known to antiquaries 
by the name of Celts. They were probably instruments used by the ancient 
Britons, Gauls, or Celts. The learned do not agree whether the celts were Roman 
workmanship or not : nor to what particular uses they were applied. Accordingly 
some persons have supposed that they were the offensive weapons of our ancestors; 
and others ha\’e supposed that they were both offensive military weapons, and civil in- 
struments; but the most probable opinion is, that they were merely domestic 
tools. Many of the celts are cast after the model of stone implements, which are 
confessedly ancient British or Celtic chopping instruments, and tools for making 
holes. Several of thesestone implements, in Sir Jos. Banks’s collection, correspond 
exactly with the figure and size of the celts. Great quantities of these instruments 
have been at different times discovered in England, as well as in Ireland, and some 
few in France. Sometimes they have been found in heaps, as if the owner had, 
and probably did throw them away by basket-fulls, as things of little value. It has 
been very ingeniously conjectured, that when the Romans canoe to Britain they 
found the inhabitants, especially to the northward, very nearly in the same state as 
that in which our late discoverers found the natives of the South Sea islands. The 
Britons parted with their valuable articles of food, rarities, and commerce, for metal 
tools made in imitation of their stone ones; but in time, finding themselves cheated 
by the Romans, who made these tools of bad metal, of the shape of the ancient 
, British stone axe, as the inhabitants of Otaheite were by the use of base metals; 
they relinquished these tools when they became acquainted with those made of 
better metal, and according to the Roman patterns. Hence we see a reason for 
such great quantities of celts being found among the Celtic nations, and not among 
the Roman, excepting now and then a specimen, which may be considered as the 
tool or spoil of barbarian auxiliaries. 

5. Fig. 5. represents a Celt, N°. 1, found on the peninsula of Ballrichen, within 
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the precincts o f a Druidical grove, or dwelling, in Ireland. The same kind of 
celt is described in Wright’s Louthiana, b. 14, p. 7, pi. 1; and also in the 
Archaeologia, vol. 5, p. 113, by Dr. Lort. It weighed 1 and 4. lb. Except at 
the edge it was nearly -J-ths of an inch m thickness. It was of a blackish colour, 
from oxyde of the metal and dirt on its surface. 

6. Fig. 6, represents the Celt, N° 2. It was found in a field, by ploughing, in 
Cumberland. The celt in Dr. JLort’s collection which most resembles this article is 
delineated by fig. 11, pi. 8, p. 113, vol. 5, of the Archaeologia. The celt before 
us differs from that just referred to, in being grooved on both sides to receive a 
shaft or handle, instead of having a socket. It weighed nearly lb., and was 
about -fths of an inch thick, except at the edge. Its external appearance was like 
that of the former celt. 

7. Fig. 7, represents the Celt, N° 3. It was much smaller than the 2 former, 
weighing only about 5 oz., but it resembled in shape, fig. S. 

In 2. are described the external, or more obvious properties of these arms and 
utensils. 

In § 3. the specific gravities of these arms and utensils are stated, being mostly 
contained between the limits 8.3 and 8.9. 

§ 4. Experiments with fire. — (a) These old instruments melted at a lower, 
tenr^perature than that at which copper, or even some kinds of brass melt. Though. 
I did not (says Dr. P.) succeed ih determining precisely the temperature at which 
each of them fuses; it may be useful to relate the experiments made with that view. 

(b) IOO grs. of each of the above 7 ancient metallic instruments, and the same 
quantity of copper, of pure silver, of allay of popper with -$-th of its weight of 
tin, of allay of copper with ^th of its weight of tin, of allay of copper with -^th. 
of its weight of tin, of allay of 3 parts of oopper with 1 of zinc, and of gun 
metal, were exposed each in separate coppels, under a muffle, to the greatest de- 
gree of fire I could produce in the best assay furnace. A pyrometer clay piece of 
Wedgwood’s instrument was also put into each eoppel. During 40 minutes ex- 
, posure to fire, notone of the metals melted, except the pure silver*, and the allay 
with zinc: nor did any of them emit visible vapour, or inflame, except the allay 
with zinc; nor did any matter ooze out .of any of the metals. 

On cooling, it was found that the figure of the metals which had not been 
melted in the coppels was not altered, but they were changed, either totally or ex- 
ternally, into scoria-like black matter. The copper allayed with zinc was found to 
contain a nucleus of copper within a large proportion of black scoria and white 
oxyde of zinc. The celt metals were changed into scoriae, including copper-like 

* In Wedgwood's soak it is stated, that pure silver melts at 28°, and Swedish copper at 2 7°. But 
every part of the furnace in the above experiments might not be of the same temperature for the same 
space of time : and perhaps the state of cohesion and figure of the metal exposed to fire may account 
for the difference in the degree noted by the pyrometer in my experiment, from that stated in the scale. 
For I am assured, by Mr. Thos. Wedgwood, that the degree of contraction is uniform among a number 
of pyrometer pieces, exposed in the same part of the furnace at the same time.— Orig. 
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metal. The other old metaTs were changed entirely into scoriae. The copper al- 
layed with -jVth of its weight of tin was changed into scoria containing a little 
copper; but the copper allayed with 4 -th of tin was changed into scoria containing 
A little copper, seemingly allayed with a much smaller proportion of tin than before. 
The pyrometer pieces indicated degrees of fire, which varied between 18° and 21 °. 
The pyrometer piece in the coppel which contained the silver, and also that in the 
coppel which contained the copper, denoted 20 ° of Wedgwood’s scale, or about 
3800° of Fahrenheit’s scale. 

(c) A thin plate of each of the old metals being exposed to the flame of a candle 
with the blow-pipe, a blue and green flame appeared, but soon disappeared, though 
the fire of the candle was applied so as to keep the metal red-hot. The same kind 
of blue and green flame was emitted from plates of these metals when they were 
exposed to fire in open crucibles, before they were melted; but it disappeared in a 
few seconds of time, though the fire was continued to be applied to keep the metal 
ted-hot; nor was any such flame produced when the metal was melted in open 
vessels, or kept stirring when in a fluid state. 

(d) Each of the ancient metals being melted in close vessels, was then exposed 
to the air, and stirred with an iron rod; but none of them emitted any blue flame, 
or white vapour, as was the case when brass was so treated. The following ex- 
periment, to determine whether the ancient metal instruments contained any gold 
Or silver, was made, while I was present, by Mr. Bingley, Assay Master. 

(e) 50 grs. of each of these metals, and as much gun metal, and also the same 
quantity of ' brass, were put into separate coppels, together with 150 grs. of lead, 
under the muffle of an- assay furnace: 150 grs, of lead were also put alone, by way 
Of test, into a separate coppel.’ The fire being kept up in the usual way, the brass 
emitted a blue flame, and began to melt, discharging at the same time white 
fumes; but soon after it was melted, the flame and white fumes disappeared. The 
ancient metals, and also the gun metal, afterwards melted, and without sending 
forth any flame, but a slight fume was seen when they were in fusion ; which was 
particularly evident from the coppel containing the spear- head metal. This fume 
was not seen to arise from the eoppel which contained lead only; but the Assayers 
observe it from charges of lead with silver, or lead with gold and silver, when much 
stir is admitted. 

The process being finished, nothing was left in the coppels which contained lead 
only, and lead and brass, except a just visible particle of silver; but in the other 
coppels there remained about 4 - of the original quantity of the ancient metals, and 
of the gun metal: and therefore into each of these coppels 150 grs. of lead were 
again introduced. The process being performed a 2 d time, every particle of metal 
was absorbed, excepting a just visible particle of silver in the coppels which con- 
tained the celt, N° 2 , the metal of the scabbard, and the gun metal: but there 
was a much larger globule of silver in the coppel which contained the spear-head 
metal. As the only metal which appeared to contain more silver than the test itself 
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was the spear-head, and as it emitted more fume than the rest, I repeated the 
process on this metal. The process of cupellation the 2d time, as before, caused 
the appearance of the white fume, and afforded a residue of silver, as before, in 
greater quantity than that of the test. The silver was determined in the most ac- 
curate way to amount to the proportion qf 15 grs. in a Troy pound of the spear- 
head metal. There was no gold in this silver, for it dissolved- totally in nitric acid. 

$ 5. Experiments v)ith nitric ac«/.— •( a) A polished piece of each of the ancient 
metals was just wetted with nitric acid. Fumes of nitrous acid arose, and the part 
wetted became white and corroded; as is the case when the nitric acid has been 
applied in this manner to the allay of copper by tin. 

(b) On 300 grs. of each of the above metals, in a small retort, were poured 
*1800gr. measures of nitric acid, purified by distillation from nitrate of silver, and 

of the specific gravity of 1350. The hydro-pneumatic apparatus being affixed, 
generally from 30 to 40 oz. measures of nitrous gaz came over in th£ cold, in the 
course of 2 to 3 days. In this time the whole, or at least the greatest part of the 
metal was oxydified and dissolved; there being a clear blue solution, with a copious 
white sediment, and sometimes a part of the qndissplved metal. By means of the 
fire of a lamp, more gaz came, oyer, which had been absorbed by the solution, and 
which also was afforded by the dissolution of the remaining metal. The whole 
quantity of nitrous gaz varied, with the same as well as with different metals, be- 
tween (to and 85 oz. measures; but either from my own inability to observe, or 
from the circumstances on which this variety depended being unknown,. I cannot 
explain the reason of such differences in the result. 

(c) After the solution (b) had stood peyeral days, the clear blue liquor was de- 
canted, and filtrated, from the vybite sediment: and pure water was poured on the 
filter repeatedly, till \yhat passed through was colourless, and almost tasteless. The 
filtrated liquid was, boiled to evaporate all but about 6 oz.; and it deposited, on 
.Standing, a small quantity pf white sediment. 

Xfie wbite sedynept, from the solution (b,) being dried, amounted to the fol- 
lowing different quantities, from 300 grs. of each of the different metals, namely^ 

.,>1. Tjhe Muce-pan, e*clusiye of a little dirty extraneous matter. .... 65 grs. or 21} per cent. 

2* The spear-bead, exclusive of a little dirty extraneous matter, .... 63 grs. dr 21 per cent. 


S. Ibe celt, N° S * . . 55 grs.' or 18} per cent i 

4. The lituns, 54 gra.pr JS'per. cent 

5. n>e scabbard, 48 grs. pr 1 6 percent, 

6. The celt, N° 1 42 grs. or 14 per cenfe 

7. The eelt, N° 2 42 grs. or 14 per cent 


(d) The decanted and filtrated liquid (c,) being duly evaporated to crystallization, 
was found to contain nothing but nitrate of copper, and, sometimes a very minute 
-portion of white . sediment; for it threjv down nothing but prussiate of copper, on 
adding prussiate of soda; nor was any. silver deposited on immersing in it bright 
copper wire; nor was any precipitation occasioned by adding muriatic acid, or * 
muriate of soda, to the concentrated blue solution. 
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(e) The white sediment (e) was a fight itnpalpably fine powder: it had a little 
metallic taste: it could not be melted with borax by flame with the blow-pipe, but 
was diffused through that salt, arid rendered it opaque. This sediment dissolved 
totally, except a little mere dift, by long digestion in muriatic acid, and ironic- 
diatdy in this menstruum when caloric was applied to make it boil. This solution 
in muriatic acid did not throw down Cassius’ precipitate on adding to it nitro- 
tnuriate of gold, but afforded a white deposit exactly like that which is made on 
adding nitro-muriate of gold to muriate of tin, made either by boiling tin in a large 
proportion of muriatic acid, or by dissolving oxyde of tin, made with nitric acid, 
in muriatic acid. The muriatic solution of the white sediment (c,) on adding 
prussiate of soda, afforded a precipitate exactly like that which appears on addings 
prussiate of soda to muriate of tin. 

The white sediment (c) being mixed with tartar, on charcoal; the flame of a 
candle by the blow-pipe was directed upon it: by which treatment small silver-like 
globules were made to appear. These globules being collected, were digested in 
the cold* in so small a proportion of muriatic acid as could not dissolve the whole 
of the globules supposing them to be tin. They were gradually almost all dissolved, 
and nitro-muriate of gold being added, Cassius* precipitate was immediately de- 
posited. But the metallic globules being dissolved by boiling in a large proportion 
of muriatic acid, no Cassius’ precipitate was produced on adding nitro-muriate of 
gold; nor on adding it to tin dissolved by boiling in a large quantity of mu- 
riatic acid. 

. The preceding analytical observations and" experiments will; on examination^ 
perhaps be found to contain sufficient evidence to demonstrate that each of the 
ancient metallic instruments contains copper and tin ; and they will also perhaps be 
found to prove, that these metals contain no other kind of metal, or other specie* 
of matter. But, in order to ascertain the proportion of the tin to the copper more 
accurately than I was able to do by analysis, and also in order to confirm or inva- 
lidate the evidence of analysis, I made the following synthetical observations and. 
experiments. 

^ 6 . Synthetical observation* and experiments.-— Exper. 1 . 50 grs. of tin- were- 
united by fusion with 1000 grs. of copper. The ingot of this allay of 20 parts of 
copper by 1 of tin, when polished, differed, from the celt metals in shade of the 
same colour; these being much paler than this allay. It was a good deal harder* 
and hot so tough as copper, but it was not so hard, and was more tough than the 
celt metals. Its fracture showed also a more open grain than the old metals, and 
more inclining to the peculiar red colour of copper, instead of the brown and grey, 
or slate colour of the ancient metals. With nitric acid it afforded; like the ancient 
metals, a blue liquor, and white deposit of oxyde of tin ; but in much smaller pro- 
portion than any of them; not being more than 7 percent. 

Exper. 2 . 100 grs. of tin were united by fusion with 1500'grs. of copper. This 
allay of 15 parts of copper with 1 of tin resembled the celt metals, N° l and N° 2 , 
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in colour, polished surface, grain of the fracture, and brown colour of the fracture; 
consequently the red colour of the copper was completely destroyed. It was not 
however so hard, though stronger than these celt metals; but was harder than the 
spear and the sauce- pan. The solution of this allay with nitric acid only differed 
from that in the former experiment in affording a more copious white deposit, 
namely, 10 per cent, of it in its dried state. 

Exper. 3. 100 grs. of tin were melted with 1200 grs. of copper. This allay of 
12 parts of copper by one of tin could scarcely be distinguished from the last der 
scribed allay in the colour of the polished surface, nor was it so much closer 
grained or lighter coloured in its fracture as might have been expected ; nor could 
I by the hammer distinguish it from that allay in point of hardness and strength. 
On the trial with the drill, it however betrayed a good deal more hardness. It was 
almost as hard as the celts, N° l and N° 2. With nitric acid it afforded a deposit 
of 11 per cent, of oxydeof tin. 

Exper. 4. 100 grs. of tin were united by fusion with 1000 grs. of copper. Thi* 
allay of copper with -tV of its weight of tin was.as pale coloured as the celts, N° ) 
and N° 2, but not nearly so pale as the celt, N° 3 . ; I could not distinguish this 
allay in the properties of hardness and strength from the 2 celts, N° l and N° 2, 
and the scabbard ; but it was harder than the spear-head and sauce-pan, though not 
so brittle. Its fracture showed the same kind of rather open grain, and texture, 
as that of the celts, N° 1 and N° 2, before: 'they were melted, but it was not so 
dose grained as any of the ancient metals after fusion ; and it differed from all of 
them in being of a lightish brown colour. The solution in nitric acid differed 
only from the former in affording a greater proportion of white deposit, namely, 
13^ grs. per cent. : ■' 

Exper. 5. goo grs. of copper were melted with 100 grs; of tin r which allay of 
9 parts of copper With l of tin differed very little from the former. By means of 
nitric acid this allay gave Vt< grs. per cent, of otyde of tin. 

Exper. 6. 100 grs. of tin'were melted, with 800 grs. of copper. This allay of 8 
parts of .copper with 1 of tin was also scarcely -distinguishable from the 2 former 
allays, in colour, strength, appearance of fracture, texture, and polish. With. 

■ nitric acid this allay afforded 18-J- grs. per cent, of oxyde of tin. 

Exper. 7. l OO grs, of tin were melted with 700 grs. of copper. This allay of 7 
parts of copper with 1 part of tin was evidently different from any of the former 
allays ; being harder, more brittle, paler coloured, the fracture showing a much 
finer grain, and of a grey car somewhat slate colour. The grain therefore of this 
allay resembles in colour that of the celt, N° 3, the lituus, the spear-head, and 
the scabbard. It was especially like the Htuus and the celt, N° 3, in the rather 
bright and silvery appearance of the fracture, instead of the dull slate colour of the 
spear-head and sauce-pan. On trial with die hammer, and the drill, it resembled 
exactly the lituus in brittleness and hardness. It wasa little harder and more brittle 
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than the celt, N° 3, and of course much more sb than the other ancient metals. 
This allay, on solution in nitric acid, yielded 20 per cent, of oxyde of tin. 

Exper. 8. 100 grs. of tin were melted with fiOOgrs. of copper. This allay of 
6 parts of copper with 1 of tin was harder than any of the above allays : and per- 
haps it was harder and more brittle than any of the ancient metals. Its fracture 
exhibited a still finer, brighter, silvery, and more crystallized grain than any of the 
preceding allays. Nitric acid separated from this allay 22 per cent, of oxyde of tin. 

Exper. 9. 100 grs. of tin were melted with 400 grs. of copper. This allay of 4 
parts of copper with 1 of tin was about as hard and brittle as some sorts of bell- 
metal. Its fracture was still paler, finer grained, and silvery, than any of the pre- 
ceding allays. Nitric acid separated from this allay 27 per cent, of oxyde of tin. 

Exper. 10. 100 grs. of tin were melted with 300 grs. of copper. This allay of 
3 parts of copper with 1 of tin, was much harder than any of the preceding ones. 
It was also much more brittle, the fractured surface was quite smooth, and with- 
out almost any grain at all. It was of a silvery hue, and resembled much an ingot 
of a melted bell ; excepting that it was finer grained, and of a duller colour. 

Exper. 11. 100 grs. of tin were melted with 200 grs. of copper. This allay of 
2 parts of copper with 1 of tin, .was as brittle almost as glass. The fracture 
showed no grain at all, being quite smooth. Its colour was more like that of 
silver than any other metal. 

Exper. )2. The metal of which what are called brass guns are made, does not 
in general contain a grain of zinc. They are made of an allay of about 10 to 12 
or L3 parts of copper, -with one part of tin. I found that the shavings of l of 
.these guns melted much more readily than copper. The ingot was not so hard, 
but tougher than any of the above ancient metals. It possessed nearly: the same 
hardness and' strength as. the allay, in experiment 3, of 12 parts of copper by 1 of 
tin. The colour of the polished surface, . and the grain and colour of the fractured 
surface, resembled pretty exactly that allay. .Of. course this gun metal is only a 
little less hard and brittle than the celts, N° 1 and N°2, but it resembles them 
very exactly in the colour and texture of the grain. ; Tins gun metal afibrdqd 
nearly 13 per cent, of oxyde of tin, by means of nitric acid. 

Exper. 13. 20 grs. of tin and lOgrs. -of zinc were melted with 800 grs. of 
copper. This allay of 80 parts of. copper with 2 parts of tin, and .1 part of zinc, 

1 was a metal which had a very different aspect when polished, as well as when frac- 
tured, from either copper, or any of the . above allays, or any of the ancient me- 
tals. For it had a rich yellowish or golden hue, and- was nearly as tough, but a 
little harder than copper. 

Exper. 14. 20 grs. of zinc- were united by fusion with 800 grs. of copper. This 
allay of 40 parts of copper with 1 part of zinc, was of a yellowish golden hue, 
and of course was.-very different in its external appearance from the allays of copper 
by tin. -Like the allay of experiments 1st and 1-8 th, it was too soft, and, as the 
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artists term it, clingy, to receive the impression of lines, figures, and letters, or 
for instruments in which holes are to be drilled. The solution of this allay in 
nitric acid was blue, like those of the preceding allays and old metals, but there 
was no white deposit. 

Observation. — This is the proper place to observe that all the above allays, and 
the gun metal, melted at a lower temperature than copper does ; and, as far as I 
eould determine, the temperature of fusion decreases as the proportion of tin in- 
creases. The next experiments were made not only to satisfy myself, that if iron 
had been an ingredient in the ancient metals, it must have been made appear by 
the test employed ; but also to determine the question made by some chemists, 
whether copper can be allayed by iron ; and to show, as others have asserted, the 
allays of copper by iron, which were employed by the ancients. From the writings 
of many able chemists I' was inclined to suppose, that a malleable uniform metal 
eould not be composed of copper and iron, without die aid of an intermede. I 
therefore, in the first place, used tin as the intermede. 

Some of these experiments next to be related may not be found immediately 
relative, but as they occurred in the course of investigation, and as I believe few 
experiments of the same kind have been published, perhaps they will befound useful. 

- Exper. 15. 3000 grs. of tin were melted with 1000 grs. of steel,* by keeping the 

2 metals m a close crucible exposed to a pretty fierce fire of a melting furnace. An 
allay was produced of a uniform metallic mass, of the colour of pewter, of a very 
open grain, but uniform texture; which was as brittle, and not harder than certain 
kinds of old bad pewter. 

Exper. 16. 1800 grs. of tin were melted with 60Ogrs. of steel. This allay of 

3 parts of tin with 1 of steel was perfectly similar to the last allay of 2 parts of tin 
with 1 of steel, excepting that the allay of this experiment was not so hard, and 
was less brittle. Having thus prepared the steel for union with copper, by the me- 
dium of tin, I added Co it copper. 

Exper. 17. 600 grs. of the allay of exper. 15 were melted with 2400 grs. of 
copper. This allay of 12 parts of copper with 2 parts of tin, and 1 part of steel, 
resembled exactly the allay of 6 parts of copper with 1 of tin, in exper. 8, in the 
colour and grain of the fracture; in its polish, hardness, and brittleness. Its frac- 
ture was of course of a slate-coloured hue, or dark grey, somewhat crystallized and 
silvery. The fracture being inspected with a lens, the grain appeared finer or 
shorter than that of the allay of 6 parts of copper with 1 of tin. 

The solution of this metal in nitric acid produced nitrous gaz, a blue solution, 
and a white deposit; as occurred in the dissolution of the ancient metals, § 5, 
p. 43, and of the allays of copper with tin, p. 44 — 4Q ; but the result of the 
examination of this blue solution and white deposit was different from that of the 
ancient metals, and satisfied my mind completely, that if those metals bad contained 
iron-, it must have been detected. 

* Tbe steel employed was part of a file. Steel was preferred to iron, because it is fusible, but iron 
is act — Orig. 
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(a) The blue solution of this experiment being boiled, to carry off redundant 
acid, and evaporate about 4ths of its water, prussiate of soda was added. A red- 
dish-brown precipitation ensued, which resembled exactly that produced by adding 
this test td nitrate of copper. 

(b) The white deposit of this experiment having been well edulcorated by pure 
water was wholly dissolved in muriatic acid. This solution differed from that of all 
the white deposits of the preceding experiments, in being of a reddish-brown co- 
lour, like dilute solution of muriate of iron, and especially in affording a copious 
precipitation of prussiate of iron by prussiate of soda. With nitro-muriate of gold 
however, this solution only produced a slight grey precipitation, as in the former 
■experiments. 

Exper. 18. 1000 grs. of the allay of experiment 15 were melted with 2000 grs. 
of copper. Tli is allay of about .7 parts of copper with 2 parts of tin, and 1 part 
of steel, was an extremely hard metal, much harder than that of the last experi- 
ment ; and it was very strong, but scarcely malleable. It took a beautiful polish, 
of a silvery colour. It was of a perfectly homogeneous texture. The grain of its 
fracture was extremely fine and uniform, and of a grey colour. 

Exper. 1 9. 2000 grs. of copper were melted with 200 grs. of steel, in a close 
vessel, by keeping them exposed to a fierce fire in a wind-furnace for about 20 mi- 
nutes. This allay of 1/0 parts of copper with 1 part of steel, was of a copper co- 
lour. The grain of its fracture was ooarse, like that of copper. It was harder 
than copper, and less tough, but quite malleable. It was about as hard as the allay 
■of 20 parts of copper by 1 of tin, and consequently was not nearly so hard as the 
softest of the ancient metals. 

Exper. 20. 1000 grs. of copper with 500 grs. of a small round steel file were 
exposed to fire, as stated in the last experiment. On opening the crucible, part of 
the steel only was found to have been melted and united to the copper ; but the 
other part of the steel which retained its form, was thoroughly impregnated or pe- 
netrated by copper ; so that on breaking the part which had not been melted, and 
which was very brittle and porous, it was in appearance imperfectly metallized cop- 
per. The part of the allay which had been melted was not different from the allay 
of the last experiment, except that it was a little harder ; being thought to be about 
as hard as brass. 

Then follows a statement of the specific gravities of the different allays above de- 
scribed, which run variously between the limits 7.2 and 9. 

$ 7. Conclusions and remarks. — 1. The first conclusion, from the preceding ob- 
servations and experiments is, that the ancient metal instruments examined consist 
principally of copper, as appears ; 1st, from their external and obvious properties ; 
particularly their colour, taste, malleability, and specific gravity : 2dly, from the 
•whole of the metals, except a small deposit, yielding nitrate of copper with nitric 
.acid : 3dly, from the synthetic experiments. 

.2. I conclude that these metal instruments contain tin ; which metal was made 
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appear, by the experiments on the white deposit afforded on dissolution in nitric 
acid, | 5 : and which also was made appear by the synthetic experiments, ^ 6. 

3. The 3d conclusion is, that these metallic instruments consist of metal only, 
or at least of nothing else which can be detected by ordinary known modes of .ana- 
lysis : for they are all malleable, and uniform in their texture ; which properties 
metals do not possess when they are mixed by fusion with extraneous substances 
hitherto discovered by analysis ; except carbon in several metals, and siderite in 
iron only. 

4. The 4th conclusion is, that these ancient instruments contain none of the 
metals but copper and tin : for, 1 . They do not contain gold, silver, or platina, ex- 
cepting silver in the spear-head, as appears from the experiment of cupellation, $ 4* 
(e). — 2. They do not contain lead : for that would have oozed out in the experi- 
ments of fusion and oxydation ; and would have appeared in the grain of the frac- 
tures ; as well as on adding muriate of soda, and muriatic acid, to the concentrated 
nitrate solution, $ 5, (d). — 3. They do not contain iron : for that would have been 
shown by the prussiate of soda, $ 5, (d) ; as was proved by the synthetical experi- 
ment, $6, exper. 17, (b).— 4. They do not contain zinc: for that would. have 
been shown by the blue flame and white flowers in exper. $ 4, (c) (d) ; as well as 
by the yellow colour of the grain of the fracture, which was shown by the synthe- 
tical experiments, $6, exper. )3 and 14. 

5. Bismuth would have appeared on diluting the nitrate solution, $ 5, (d). — 

6. Manganese would have been seen on concentrating by evaporation the nitrate 
solution, § 5, (c) (d). — 7. Arsenic would have manifested itself by the brittleness 
and whiteness of the metals ; by the smell and visible vapour on exposure to fire 
and air ; and on examining the solution, $ 5, (d), and the white deposit, $ 5, (e). 
-*-8, Antimony would have produced more brittleness than these ancient metals 
possessed : a white vapour would have appeared on examining the white sediment 
with the blow-pipe, $ 5, (e) : as well as in the experiments in the assay-furnace, 
f 4, (b) (e) ; and a white precipitate would have fallen on diluting the muriatic 
solution of the white deposit from the nitrate solution, $ 5, (e). — Q. Cobalt would 
have been detected by the prussiate of soda ; and by the colour of the oxyde, in the 
experiment in the assay furnace, $ 4, (b) ; and it would have given brittleness to 
the ancient metal instruments. — 10. It is not at all probable that nickel was pre- 
sent ; but if it had been an ingredient, it most likely would have been betrayed .by 
its greenish oxyde in the experiment, ^4, (b). — 1). Molybdaena, and quicksilver 
may be mentioned for the sake of order, but it is utterly unreasonable to suppose 
them to be present, either naturally or by art ; and evident appearances, or at least 
traces of them, must have occurred in the preceding experiments. As for the sub- 
stances called tungsten, uranite, menackanite, and titanite *, we have not yet had 
sufficient evidence to prove their being peculiar metals ; but from the properties 
which have been observed to belong to them, it is quite inconsistent with the pre- 

* A new metal, named Tkaniam, lately announced in the German Journals.— Orig. 
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ceding experiments and observations to suppose them to exist in the ancient metal 
instruments. It will be proper also to remark, that the only species of metals 
known till within the last 2 or 3 centuries, were gold, silver, quicksilver, iron, cop- 
per, lead, and tin. The oxydes of several of the brittle metals were known indeed 
to the Hebrews, Greeks, and Romans, and perhaps to several barbarous nations of 
great antiquity ; but not one of them was used as an allay, except the oxyde of zinc 
to compose artificial orichalcum. 

It appears that the metal of the spear-head contained silver ; but though the pre- 
sence of it was proved by a repeated decisive experiment, $ 4, (e), the proportion 
of it was too small to alter sensibly the properties of the allay of copper with tin, 
and could not answer any useful purpose in such a compound. I therefore believe 
that the silver in this instance was not purposely added ; but was an accidental or 
natural ingredient of the copper, used, for making the metal of this spear-head. 
The Bishop of Llandaff made a few experiments on a celt, from which his lordship 
concludes that it seemed to contain zinc : for it emitted a blue flame, and a thick 
white smoke, on the first exposure of a piece to fire ; but no such appearances were 
seen on the 2d exposure of the same piece to fire. Every person will readily give 
credit for the observations being accurately made ; nor would I even refuse to admit 
the conclusion, that the celt examined by his lordship did contain zinc ; but it is 
also just to observe, that a piece of copper, or of allay of copper, with tin, being- 
exposed to fire in an open vessel, emits frequently a blue flame on a first, but pot 
on a 2d exposure to fire soon after the first, $ 4, (c) ; and if much air be admitted 
to the allay of copper with tin in fusion, a white smoke will alsosometimes be seen ; 
as was observed in the preceding experiment, § 4, (e). 

I suspect that the blue flame from copper when first ignited, and which ceases 
on fusion, is/ produced by the inflammation of a little of the copper already com- 
bined with oxygen ; for some oxydes of copper are so •ombustible, that if a small 
part of a given mass of them be ignited, the ignition will spread rapidly throughout 
the whole mass. Most probably celts were originally chopping tools, as we have 
shown in a former part of this paper, and therefore the addition of zinc to the allay 
of copper with tin would answer no useful purpose. 

5. The 5th conclusion relates to the proportion of the copper and the tin to each 
other, in the ancient metals. I endeavoured to estimate the proportion of tin, by 
comparing the quantities of oxyde of tin obtained from the ancient metals, with 
the quantities of oxyde of tin obtained by the same means from allays of copper 
with known proportions of tin. It appears from the analysis of the allays of cop- 
per by tin, that the oxyde of tin afforded by the nitric acid solution is in the propor- 
tion of about 150 parts from every 100 parts of the metal tin, § 6, exper. 1st— 
gth. According to this datum the proportion of tin in the old metals is in the 
following proportions, or nearly so. 1. The sauce-pan contains of tin a little more 
than 14 cent. ; that is about 1 part of tin and 6 of copper, — 2. The spear- 
head contains 1* per cent of tin ; that is, somewhat Jess than i part of tin and 6 
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of copper. — 3. The celt, N° 3, a little more than 12 per cent, of tin ; that is, 
about 1 part of tin, and 7+ parts of copper. — 4. The lituua, nearly the same, pro- 
portions of tin and copper as the celt, N° 3. — 5. The scabbard, a little more 
than 10 per cent, of tin ; that is, about 1 of tin and 9 parts of copper.-— 6. The 
celt, N° 1, a little more of tin than 9 per cent. ; that is, about 1 of tin and 10 
parts of copper. — 7 ■ The celt, N° 2, the same proportions of - tin and copper, as 
in the celt, N° 1. 

6. The last 2 conclusions are confirmed by the exact correspondence between 
the ancient metals and the allays of copper by tin, in external aqd obvious proper- 
ties, § 2 and $ 6 ; in specific gravities, $ 3 ; and in chemical properties, $ 9 and 
$ 6. Allays of 5 to 18 parts of copper with 1 part of tin can generally be distin- 
guished from such allays with the addition of a very small proportion of the other 
metals ; by the colour of their polish, the colour and textafe of their gram; their 
strength, their hardness, their malleability, and specific gravities ; without the aid 
of chemical analysis. It is worthy of remark, that these aflays of copper with titi 
are evidently different, in their colour and grain, from such allays With the addition 
of even -^th of their weight of zinc, exper. 13th ; and also from copper allayed by 
-rVth of its weight of zinc, exper. 14th. 

The similarity of the properties of the ancient metals, and of the allays of 6 to 
12 parts of copper with 1 of tin, is very evident. But with smaller proportions of 
tin we find the allays are softer, and the grain of their fractures more open than 
the ancient metals, experiment 1—4. ; and with larger proportions of tin we 
find the allays harder, more brittle, paler, and closer in texture than the an- 
cient metals, experiment 8—1 1. It is right, however to remark, that the pro- 
perty of hardness of the allays of copper by tin is, cast. par. as the proportion of 
tin, or nearly so; which is not the case with some of the ancient metals; for the 
spear-head and sauce-pan contain rather more tin than an equal quantity of the li- 
tuus, $ 5, (c), which is much harder than they, $ 2. (c) ; and the spear-head and 
sauce-pan are nearly as soft as the celts, N° 1 and N° 2, $ 2, (c), which contain 
the smallest proportion of tin of any of the old metal6, $ 5, (c). 

The grain also of the fractures of the spear-head and sauce-pan, before melting, 
is much coarser, or open, than those of the other ancient metals which contain a 
smaller proportion of tin, \ 2, (b) : but it appears from the synthetic experiments 
that the grain becomes finer as the proportion of tin is increased, $ 6, exper. 1— 
12. To account for these inconsistencies I must remark, that a minute quantity 
of extraneous unmetallic matter may be contained in metals ; so minute indeed as 
to elude the most rigorous analysis, or at least not to be discoverable by the ordi- 
nary modes of examination ; and which also may not render the metal at all unfit 
for most of the uses to which it is applied. For instance, good malleable iron 
may contain carbon, and even phosphate of iron or siderite; and metals in general 
may contain a very small proportion of oxygen, and yet be as useful as the purest 
metals. The best English copper is accounted less tough and ductile than Swedish 
copper. .The purest English tin crackles when it is bent o# chewed, but pure 
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Malacca tin has not this property. These differences of properties most probably 
depend on some extraneous matter ; but in so small a proportion as to have hitherto 
eluded the research of analysis. 

In the case before us, it is probable that a very minute proportion of extraneous 
matter was present in the spear-head and sauce-pan, especially as they were made 
'of cast metal; which might be less hard, and less compact in texture, than an 
allay of pure metals, containing a smaller proportion of tin to the copper, and yet 
the allay might be less brittle than the cast metal. This extraneous matter may 
be oxygen, or sulphur, or earth, though in an imperceptible quantity, introduced 
during the fusion. The lituus is harder, and not more brittle than the spear-head 
and sauce-pan ; though it contains less tin. It was made of a plate of metal which 
had been much hammered, and must therefore either originally have been made of 
purer metal than the spear-head and sauce-pan, or have been rendered purer by 
hammering. Perhaps metals in general are rendered purer, more uniform in tex- 
ture, and more dense, by re-melting, than they were immediately after casting from 
the pre ; or in the case of steel immediately after cementation ; or in the case of 
allays after the. fusion by which the union was effected. Accordingly, cast iron is 
rendered less brittle by repeated fusion ; Mr. Huntsman’s cast steel is made by 
merely re-melting steel which had been manufactured by cementation ; and Mr. 
Mudge’s speculum metal, an allay of copper by tin, was not uniform and suffi- 
ciently compact till it was re-melted. The specific gravity of the sauce-pan, and 
spear-head, was particularly increased by fusion, ^ 3,. 2, 3 ; and their texture was 
rendered more uniform and compact, $ 2. 

The specific gravities of the ancient metals correspond, as nearly as should be 
expected, with their composition found by analysis ; and agree sufficiently with the 
synthetic experiments, § 3 and $-6. I did not find that the specific gravity of the 
same metal, under known circumstances alike, was so nearly the same in all cases 
as is stated by most writers, in the preceding experiments, different parts of the 
' same ingot varied move than is commonly supposed in point of specific gravity. 
The specific gravities of the ancient metals, after melting, varied between 8.5 and 
8.8, or nearly so; and the specific gravities of the allays of 3 to 20 parts of copper 
with l of tin varied between about 8.5 and 8.9. These great specific gravities 
seem surprizing, because that of tin is only about 7*2, and of copper ingot about 
8.420. But of all metallic combinations that of copper with tin produces perhaps 
the greatest increase of density. Aristotle made this observation long since *, and 
the fact is familiarly known to manufacturers of bell-metal. But it does not ap- 
pear that the increase of specific gravity is so great as it is stated by Glauber.* 
According to him, if 2 balls of copper aud 2 balls of tin of the same dimensions 
be melted together, the compound will afford scarcely 3 balls of the same dimen- 
sions as each of the 4 balls ; and yet the 3 balls will weigh as much as the 4 balls., 

— “ Funde prsedictos globulos in unum iterum effunde mixturam liquefac- , 

taro in typum globulorum primorum, et non prodibunt iv sed vix iii numero glo- 
* Aristotle, MM fENEXEOZ XAI oeoras TO A. Ki$. Qrig. 
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buli, pondere iv globulorum reservato." — Glauber, de Furnis, pars iv. p. 67. 8vo. 
1651. 

The specific gravity of the allays of copper by tip, and the following experiment) 
show that the contraction in the dimensions of these 2 metals on combination, can- 
not be so great as stated by Glauber. I made 2 ingots of tin and 2 of copper, of 
nearly the same figure and dimensions. The specific gravity of the tin was 7.233, 
and that of the copper was 8.594. The absolute weight of these 4 ingots was 1730 
gr3. On combination by fusion, the compound afforded 3 ingots and + of an in- 
got, of the same dimensions as the orginal ones; but those weighed only 1640 grs.; 
90 grs. being wasted and adhered to the melting pot. The specific gravity of one 
ingot of this metallic combination was 8.340; and of another, 8.4. Consequently, 
after making the most reasonable allowance for the errors of the experiment, the 
contraction could not be -f-th of the sum of the bulks of the metals before fusion, 
according to Glauber ; but it might be about q-th. 

7. I next observe, that the proportions of tin found in the ancient metals consist 
with the uses for which they ' were made. The principal uses of the allay of copper 
by tin are, to render copper less oxydable by water, or atmospheric air ; to give 
hardness ; to render it sonorous ; to render it more fusible ; to produce a close tex- 
ture and whiteness for reflecting light ; and to render copper less tough and clingy,, 
or as the workmen say claggy. 

Copper allayed with one of the smaller proportions of tin by manufacturers, is 
metal of which guns or cannon, improperly called brass guns, are made. Different 
proportions of these 2 metals are used at different manufactories ; but I believe that 
.this gun metal seldom contains less than 1 part of tin to 12 of copper, nor more 
than t part of tin to 9 of copper. Here as much strength, as is consistent 
with the preservation of the figure of the instrument during its use, is required; 
and if more tin were added, the gun would be liable to be fractured by the explosion; 
and if less were added, 'it would be liable to be bent. 

Copper allayed with a somewhat larger proportion of tin than in gun metal in 
general, affords a metal sufficiently hard and strong for chopping tools, for many 
useful purposes. Of such proportions, namely, about 8 or 9 parts of copper and 1 
part of tin, there is very little doubt all the ancient nations, who were acquainted 
with the allays of copper by tin, generally made their axes, hatchets, spades, chizzels, 
anvils, hammers, &c. These metals, united in these proportions, I believe would 
afford the best substitute known at this day. for the instruments just mentioned, 
now commonly made of steel or iron. Accordingly, before the art of manufactur- 
ing malleable iron from cast iron was known at all, or at least practised extensively, 
that is, till within these last 4 or 500 years, the allays of copper by tin must have 
been yery generally employed. The celts may be considered as specimens of the 
kind of metal tools in general use before the art of manufacturing iron ia the man- 
ner just mentioned was discovered : for, as hath been remarked in a former part of 
this paper, the celts seem to have been generally neither more nor less than metal 
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heads of hatchets, and axes, or other chopping tools. And it is no small confirma- 
tion of this opinion, that by analysis and synthesis we have found those metals to 
contain, in perhaps most instances, the proportions of tin which renders them most 
fit for the uses to which they were applied. This proportion being considered to be 
about 1 part of tin to 9 parts of copper. 

Copper allayed with a larger proportion of tin than is generally contained in celt 
metal ; that is, with -j-th or 4 th of its weight of tin, is fitter for cutting instru- 
ments, and piercing, boring, and drilling tools than celt metal ; because it is harder, 
takes a finer edge, and yet is sufficiently strong on most occasions ; nor do we pos- 
,sess at this day any metal, that I know, which is so fit for knives, swords, daggers, 
spears, drills, &c. as this allay, except iron and steel. The spear-head contains tin 
in the very proportion here mentioned ; and if the metals had been pure, it would 
perhaps not have been possible to have made this instrument of any other metals, 
which were so proper, and at so small an expence. The sauce-pan also was made 
of allay of copper by tin in the proportions last mentioned ; but as this instrument 
is sufficiently hard with less or without any tin, there seems to be no use from the 
addition of it. We may conjecture indeed, that as the sauce-pan was made of cast 
metal, the tin was made for the purpose of rendering the copper more fusible, and 
thus also for more easily casting forms of it. Perhaps also the tin was added to 
render the copper less readily oxydable, and for the colour of this composition. 

Copper united with the proportions of tin last mentioned is very sonorous ; but 
it is rendered much more so by still larger proportions of tin. I apprehend the 
sonorous property increases as the proportion of tin is increased, within certain 
limits ; provided the allay possess sufficient strength not to be fractured by the ne- 
cessary impulse. But as the brittleness increases with the increased proportion of 
tin, I believe not more than 1 part of tin is added to 3 parts of copper to compose 
the most sonorous metal which is manufactured, namely, bell-metal.* But this 
allay is too brittle to be beat out into a plate for making a trumpet; and accordingly 
the lituus, which has been made of hammered metal, contains only about 1 part of 
tin and 7 - 4 - parts of copper. 

Copper is united with tin for the purpose merely of becoming more fusible, and 
of continuing longer fluid, or cooling more slowly tvhile passing from the melted, 
or fluid state, to the solid state. Such metal is used for making statues, and casts 
of figures in general, and is called statuary metal, •(* and sometimes bronze. The 
proportions of the 1 metals are various; probably according to the colour proposed, 
and the size and figure of the cast ; as well as on account of the price of the 
metals. 

* The proportion of tin varies in bell-metal from | to of the weight of the copper ; according to 
the sound required, the size of the bell, and the impulse to be given. — Orig. 

■f The Greeks and Romans consumed vast quantities of copper in casts of figures. They added not 
only tin but lead to the copper. Tbe proportions given by Pliny are 1 part of a mixture of equal quanti- 
ties of lead and tin to 15 parts of copper. The use of the lead 1 do not understand, if it was not io 
save expence.— Orig. 
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A small proportion of zinc is sometimes added to allays of copper by tin ; on 
some occasions, on account of colour, on others perhaps to render the copper still * 

less oxydable and more fusible ; and on other occasions, as I have found on inquiry, 

it is. added from erroneous theory, or mere caprice. No one could tell me the use 1 

of zinc, which in some manufactories is added, in making gun metal. I 

Tin might be used also to render copper less clingy, or more brittle, for the '■ 

purpose of writing on it, or marking it with lines ^nd figures, as on mathematical 
instruments : but the allay with zinc is now preferred for these purposes, as I sup- 


pose on account of its being less hard than allays with tin, and yet sufficiently brittle; \ 

on account also of its golden colour ; and also on account of its being still more y ‘ 

difficultly oxydable by air and water. t 

The scabbard metal contained a rather larger proportion of tin than the celts, \ 


N° 1 and N° 2 ; namely, being ^Vth of its weight. Copper allayed by zinc would 

have been sufficiently hard and strong, and on other accounts preferable to the allay ’ \ 

of copper with tin. This is however one proof of the extensive use of this last com- 
position among the ancients. 

The art of allaying copper with an earth-like substance ; which, within a little more 
than the last 50 years only, we have learned was an ore of a metal, namely, zinc; 
was known perhaps in the time of Aristotle, and certainly of Pliny ; for the latter 
informs us, that this composition resembles orichalcum ; and after his time it was- 
called orichalcum. Thus the native and factitious orichalcum were confounded. 

The ancients do not appear to have used the allay of copper by zinc, except for 
mere ornaments, to resemble gold. It is much more extensively employed by the 
moderns, and the allay of copper with tin is less extensively used : 1st, because the 
former is cheaper than the 1 allay of copper with tin ; 2dly, because it is now gene- 
rally understood that it preserves its colour longer ; 3dly, because it is easier to. 
work it into various forms, and especially for philosophical instruments ; few of 
which were probably made by the ancients. 

The composition in common use, which contains the greatest proportion of tin, 
is called speculum metal The requisites of this metal are compactness, uniformity 
of texture, whiteness, sufficient strength to prevent its cracking in cooling, and to 
bear polishing without breaking. Mr. Mudge found the whole of these , properties 
attainable in the greatest degree, by a little less than 1 part of tin with 2 parts of 
copper. But for very large instruments, such as the 40-feet telescope of Dr. 

Herschel, the proportion of tin must be less than in small instruments, on account 
of the property of hrittleness. The compound of equal weights of copper and tin is 
so brittle, that it is not easy to eonceive to what useful purpose it can be applied. 

The allays of tin with copper, by which I mean those compounds of copper and tin \ 

in which the tin is in greater quantity than the copper, I believe, have not been 
examined. It is said, indeed, that tin allayed with a very small proportion of cop- 
per has been employed for tinning, to save much of the expence of tin; for a much, 
thinner coat of this compound, can be spread than of tin. 

5 
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8. The next conclusion is founded on the experiments of the allays of copper 
with steel. It appears that copper may be united to steel without the intermede of 
any other metal ; for a perfectly homogeneous compound was produced by melting 
10 parts of copper with 1 of steel, § 6, exper. 19 * As this allay was not harder 
than that of copper with -^th of its weight of tin, and as it did not appear that a 
compact and uniform malleable metal could be composed of 2 parts of steel with 2 
parts of copper, ^ 6, exper 20, I thought it unnecessary to make any more experi- 
ments with different proportions of copper and steel. For, 1st, granting that the 
allays of copper by steel are as hard, strong, and malleable as those of copper by 
tin, it is utterly improbable that the ancients should have used steel to harden cop- 
per* on account of the great scarcity and high price of steel comparatively with tin; 
and also on account of the difficulty of uniting copper with steel, and the facility of 
uniting copper with tin. 

2dly. It appears that no allays of copper by steel can be made, which possess the 
hardness, strength, and malleability required ; but which required properties we 
obtain by combinations of copper with tin, and with which most indubitably the 
ancients were well acquainted. Count Caylus has indeed told us, that the ancients 
had 2 methods of hardening copper ; namely, by cementation, and by allaying it 
with iron. The first method he has not explained ; nor is any .method known of 
hardening copper without addition, except by hammering it; which it is well under- 
stood cannot produce the required hardness. As to the other method by allaying 
with iron, I think myself warranted in refusing the Count’s single vague evidence ; 
and in admitting the evidence of other plainly decisive experiments ; which consist 
also with reasoning and analogy. 

Philological, and antiquarian writers, iu giving an account of the copper arms 
and utensils of the ancients, (as they found them much harder than copper, and 
that they were used for purposes to which copper would have been quite unfit ; and 
as they saw that the ancients commonly used copper on most of those occasions in 
which we now use iron or steel) ; were led to imagine, that in ancient times there 
was an art understood of tempering copper, which had been subsequently lost.* If, 
instead of feigning such an hypothesis, these writers had examined by analysis the 
ancient implements which fell under their observation, I cannot doubt that they 
would have unravelled the mystery. Count Caylus himself had a glorious oppor- 
tunity of ascertaining the composition of ancient copper instruments, when the 7 
swords and hollow wheel were found at Genzac in 1751. If he had made but 2 
adequate experiments, one to detect iron, and the other to detect tin, he would 

* " It appear*, says Dr. Lort,” in his paper on celts, “ that the aocients had an art of tempering and 
hardening brass to a greater degree than is done at present, or perhaps than is necessary to be done." — 
Archseol. vol. 5, p. 187. With reluctance I must observe, that such an experienced inq'iirer as Dr. 
Priestley fells into the error of antiquaries, in asserting, that the ancients had a method, with which we 
are not well acquainted, of giving copper a considerable degree of hardness, so that a sword might be 
made of it with a pretty good edge. But Pauw tells us, that the Americans were in possession of the 
secret of giving a temper to copper equal to steel.— Orig. 
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have had a much better foundation for reasoning than that of a mere hypothesis, 
however ingenious and learned.* 

There is not the least reason to suppose that the ancients added iron or steel to 
increase the hardness or strength of the allay of copper by tin ; nor does it appear 
from the experiments with this mixture, exper. 17, and 18 , that any advantage is 
to be expected from this addition ; at least not for cutting instruments. I cannot 
confirm the opinion above delivered, that the common metal of the ancients for 
cutting instruments was the allay of copper with tin, by the experiments of other 
persons, excepting those of Mr. Di z€, in the Journal de Physique for 1790, p. 272. 
He had only 25 grs. of an ancient dagger to operate on. This small quantity how- 
ever afforded tin and copper, as appeared on dissolution in nitric acid. But Mr. 
Diz6 made several analytical experiments on 8 different sorts of coins, Greek, Ro- 
man, and Gallic. It appears from these experiments that these coins contained 
from VV of a grain to 24-J- grs. of tin in 100 grs. of each of the old metals. And 
it appears that these coins- contained no other metal but copper and tin. 

From the preceding experiments and observations we leam,that tin was infinitely 
more valuable to the ancients than it is to the moderns : without this metal, it is 
not easy to conceive how they could have carried on the practice, and invented the 
greater part of the useful arts. Tin was even of more importance to the ancients, 
than steel and iron are to the moderns; because allays of copper by tin would afford 
better substitutes fof steel and iron, than any substitutes which the ancients, in all 
probability, could procure for allays of copper by tin. We see also the importance 
of Britain, in times more remote probably than those of which we have any record 
or tradition ; being probably the only country that furnished the metal so necessary 
to the progress of civilization. If Mr. Locke had been acquainted with the pro- 
perties of the allays of copper by tin, and of their extensive use in highly advanced 
states of civilization among the ancients, he would have known that iron was not 
the only metal by the use of which we are in possession of the useful arts, nor con- 
sequently is it “ past doubt, that were the use of iron lost among us, we should in 
a few ages be unavoidably reduced to the wants and ignorance of the ancient savage 
Americans.” In the barbarous state of its inhabitants, this island was known to 
the civilized nations of Europe, Asia, and Africa ; and denominated in 2 of the 
most ancient languages, namely, the Phoenician and Greek, by terms which de- 
note, the land of tin ; for such, according to Bochart, is the import of Britain, a 
corruption of Barat-Anac, or Bratanac ; and there is no doubt of the meaning of the 
Greek word Cassiterides. 

I do not mean by these observation to represent, as authors in general have done, 
that the ancients were not acquainted with the art of manufacturing iron, or steel, 
till long after the common use of copper, or that they did not know the superior 
properties of iron and steel: on the contrary, if this were the proper place, I could 
show that iron, or at least steel, was manufactured, and its useful properties under- 
• See Recueil d’Antiq, Egypt Etrusques, Greques et Romaines, tom. 1. 4to, 1761. 
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stood, as early as copper was known. But steel was got anciently from those ores 
only which yield it in a malleable state; as it is probably obtained at this day in 
India, and called wootz ; and as it is also obtained in the northern Circars, and 
likewise by the Hottentots. As steel was the only state of iron anciently manufac- 
tured, it was too scarce, and much too dear for general use; and hence the exten- 
sive .use of allays of copper by tin, the best substitutes for the malleable state of iron 
and steel. 

SECTION II. OF THE STEEL ARMS. 

§ 1 . A few miscellaneous observations. — Of the ancient steel or iron arms and 
utensils in Sir Jos. Banks’s collection, 4 articles only were selected for examination. 
One of these was the steel sword within the copper scabbard, described in sect. 1, 
$1,4. and represented by fig. 4. 

1 . A sword, fig. 8. Of a number of these weapons in the collection, this was 
the smallest. The great difference in their size and weight, it is observed, was 
probably intended to give every man, according to his strength and mode of fight- 
ing, an opportunity of suiting himself. The figure of the blade is particular, and 
seems very well contrived. The hollow in the middle of each side does not extend, 
njore than -jds from the guard to the point ; and terminates in a ridge, which must 
give great support and strength to the cutting part The pommel and guard had 
been tinned, and part of the tin coating still remains on them. This weapon there- 
fore affords a specimen of the mode of tinning iron practised by the ancients. The 
blade seems to have been varnished by black matter, which remains very brilliant 
and smooth. On one side is the inscription + benvbnutus -f-, and on the other 
+ me fecit +, perfectly legible. From the crosses, we may conclude that the 
maker was a Christian ; and from the name, that he was an Italian. The writing 
is in mixed characters, but it is probable that the artist exercised his trade of a 
sword cutler in the northern parts of Europe. We cannot however determine 
whether it be Danish, or Saxon. It was found in the river Witham, with a large 
quantity of other arms, in the neighbourhood of the scite of Bardney Abbey ; and 
was brought up by an eel-spear, by a man who was fishing in that river, near Kirk- 
' sted Wath, in 1788. 

a. An axe. Its form is evident from the fig. 9 . It was snipt a good deal, and 
several holes were worn in the middle, otherwise it was in a state of good preserva- 
tion. It was found, with other axes, chopping instruments, and carpenters’ tools. 
In the river Witham, in 1787 and 1788 . This axe perfectly resembles that carried 
by the lictors in their fasces, in basso-relievos. Its form induces one to suppose, or 
indeed to believe, that it was made for parade rather than use; its edge being very 
thin, and immediately above it the blade being thicker; but behind the thick part, 
exactly where the strength of an axe ought to-be placed, it is thinner than in any 
other part. It was therefore not well calculated for chopping. The weight of this 
axe was somewhat more than 14 . lh. Its length from eye to edge was 7 inches, and 
the breadth was about 6 inches. 

3. A 'dagger its for nr is represented by fig. 11. It was made with great inge- 
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nuity and skill for answering the main. purpose of it, that of piercing armour. It 
was found, together with another dagger, in Barling’s Eau, near Short Ferry, 
in 1788. 

4. A sword in its scabbard, fig. 4 . I could not by any force draw it out of the 
scabbard. On breaking the scabbard, I found the sword destroyed by rust ; but 
the guard and hilt were still in a metallic state, and the pommel had been broken 
off. I have already described this instrument in the account of the brass arms.’ 

| 2. Chemical properties. — 1 . The sword, fig. 8. (a) Being filed and polished, 

it was of the colour of steel. The blade was bent considerably before it was broken ; 
and could not be broken without considerable force. Comparatively with soft steel, 
or malleable iron, it possessed little malleability. Under the hammer, file, and 
drill, it felt as hard as hardened steel. The snipt edges were hard, and strong 
enough to saw asunder the celts described in this paper. Its fractured surfaces 
showed a silvery kind of open grain, like steel which has been hardened by plunging 
it, when white hot, in cold water. The pommel and guard were much more mal- 
leable, and much less hard than the blade. 

(b) The blade, when red-hot, was malleable, but much less so than our common 
steel. On cooling gradually it became less hard than before; but it was not so soft 
as our common annealed, or distempered steel. By plunging the distempered piece 
of the blade,. when white hot, in cold water, it was restored to its original hardness. 
By plunging the pommel and guard when white hot in cold water, they were ren- 
dered much harder; and by again igniting them, and letting them part with their 
fire gradually, they became as soft as they were originally, (c) The specific gra- 
vity of the middle part of the blade, after filing off the coating, was 7.476. 

(d) The dissolution of 300 grs. of the blade in sulphuric acid and water, yielded 
nearly the same quantity of hydrogen gaz as an equal quantity of our steel affords. 
During the dissolution the mixture became black, and a black froth appeared on its 
surface ; and, after repose, there was a deposit of black matter. The solution* 
made boiling hot, was poured on a paper filter; and being filtrated, the filter was 
edulcorated, by repeatedly pouring on it pure water. The paper filter was stained 
black by the solution, and there was a small deposit of black matter in the apex of 
the cone of the filter. This black matter was carbon, in about the same proportion 
as our steel affords by the same treatment. The filtrated solution, on evaporation, 
was found to contain nothing but sulphate of iron. 

(e) A little nitric acid being dropped on the polished surface of the blade; and 
also on the pommel and guard; a black spot was produced on the parts wetted, 

(f) The tinned part of the pommel being just wetted with nitric acid, it became 
white. 

2. The axe, fig. 9. (a) Being polished, it appeared of almost a silvery whiteness. 

. — It was harder than malleable iron, but was not so hard as hard steel, for it was 
easily filed, and bored through with the drill. It was also cut through, and the 
cut surface was smooth and uniform, and close, as if made of the purest metal. 
It bent a little, notwithstanding its form .and thickness; and required a very smart 
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Stroke with a heavy hammer to break it. The grain of the fractured part was like 
that of close-grained steel. — It was malleable both in its cold and ignited state.— 
It was almost as sonorous as bell-metal. 

(b) - By quenching in cold water when- ignited to whiteness, it became harder, 
more brittle, and open grained; but it could not be made so hard as the sword, 
fig. 8. By igniting the piece so hardened, and letting it part with its fire gradually, 
it Was rendered much less hard than it was originally. The artist who assisted me 
in examining this tool, observed that it was only made of steel for about an inch 
from the edge; but that the rest was iron; for he conceived it to be impossible to 
bC all steel, on account of the eye for the wooden shaft. However, on filing dif- 
ferent parts, and cutting the instrument, no seam could be discovered, where iron 
had been welded to steel; and every part appeared susceptible of induration and 
einollition, by the usual treatment of steel to produce these changes. 

(c) The specific gravity, before hammering, was 7.802, and after hammering 
,the same piece, it was 7*880. After ignition to whiteness and sudden quenching, 
the specific gravity was 7.384. — (d) 300 grs. of this metal dissolved in sulphuric 
acid and water, and afforded black matter and sulphate of iron ; with the same phe- 
nomena as the dissolution of the sword, fig. 8, afforded. The black matter was 
carbon, in apparently the same proportion as was obtained from the dissolution of 
the sword, fig. 8. — (e) Several parts of this axe being just wetted with nitric acid, 
they became black spots, as is the case on so applying this acid to steel. 

3. The dagger, fig, 11. (a) Being polished, it had the appearance of steel. — 

It was not so hard as the sword, fig. 8; but it was so very strong and tough, that 
it was with difficulty broken, and could be bent very considerably. — Its fractured, 
or rather tom surface was open grained, and crystallized, — It was more malleable 
when cold, than hardened steel usually is. 

(b) In its ignited state it was very malleable. It wa6 susceptible of induration 
and emollition, by the ordinary treatment to produce these changes in steel. — (c) 
The specific gravity of this dagger was 7*413. — (d) The dissolution in sulphuric 
acid and water afforded nothing but carbon and sulphate of iron, in about the same 
proportions as the dissolution of the sword, fig. 8. — (e) A black spot was produced 
by wetting this instrument with nitric acid. 

4. The sword, fig. 4. (a) The hilt being polished, it appeared like steel. It 

was almost as hard as common hardened steel, and as malleable. — (b) The hilt was 
very malleable in its ignited state. It was hardened, but not considerably, by 
quenching in cold water when white hot. It was rendered softer, after being hard- 
ened, by ignition and gradually cooling. — (c) The specific gravity of the hilt was. 
7.647 : and after ignition and quenching, it was 7*427* — (d) The nitric acid pro- 
duced black spots when applied to the polished surfaces of this metal. — (e) The dis- 
solution in sulphuric acid aud water afforded nothing but carbon and sulphate of 
iron. The carbon was in smaller quantity from this hilt, than from the sword, 
fig. 8, and not more than from common steel. 

$ 3. Conclusions and remarks . — 1. It appears that all these instruments are of 
2 
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steel; because they consist of carbon and iron; because they are capable of ihdura- 
tion by plunging them when ignited in a cold medium ; and they are softened by 
ignition and gradual cooling; they have the colour, texture, hardness, brittleness, 
malleability when ignited, and specific gravity of many sorts of steel. 

2. The sword, fig. 8, appears to be the hardest; and the dagger, fig. 11, the 
softest steel of the above instruments. 

3. These steel instruments appear to have been tempered, at least in the parts 
destined for cutting and piercing. 

4. The axe, fig. 9, being all steel, affords a proof that the ancients were not ac- 
quainted with the art of manufacturing soft malleable iron : nor consequently of 
welding it with steel ; and that the only state of iron which they used, and could 
manufacture, was steel. 

5. Though it is most probable that these steel instruments were made of steel 
got directly from the ore, they show that the ancients could render such steel very 
malleable in its ignited state; and free from extraneous matters, and particularly 
from oxygen. 

6. The different degrees of hardness and brittleness of these instruments may 

reasonably be imputed to the different proportions of carbon which they contain; 
and to the different degrees of cold applied in tempering them ; though the expe- 
riments were not made with such precision as to demonstrate the reality of these 
assigned causes. ' - _ 

7. It seems probable that the axe was tempered at a low temperature, and had 

been much hammered: hence its great specific gravity before hammering, and 
the little increase of its specific gravity by further hammering; and hence the 
great diminution of its specific gravity by quenching in its state of ignition to 
whiteness. - 

8. Iron and steel instruments are destroyed, commonly, by the oxygen of water, 
or oxygen of atmospherical air. The destruction of iron instruments is prevented 
by whatever prevents the union of the oxygen of these substances. On this prin- 
ciple the sword, fig. 8, was preserved by its varnish ; but the other tools must have 
owed their preservation to their having heen accidentally coated with earthy matter; 
which perhaps contained principally clay. 

Q. The destruction of the iron sword by oxygen within the copper scabbard; 
and the preservation of the part of it not in contact with the copper, is a good ex- 
ample of the action of copper and water united in destroying iron, the copper 
remaining entire. This effect of copper on the iron bolts and nails, in copper-bot- 
tomed ships, is a loss of the greatest magnitude. Fig. 10, is another sword of the 
same kind as fig. 8, in Sir Jos. Banks’s collection. 

XIX. On the Periodical Star « Jlerculis ; with Remarks tending to establish . the 

Rotatory Motion of the Stars on their Axes. To which is added a Second Cata- 
logue of the Comparative Brightness of the Stars. By Wm. Herschel , LL.D., 

F. R. S. p. 452. 

In my first catalogue of the comparative brightness of the stars, I announced a 
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Hercules as a periodical star. The precision of the characters introduced in that 
catalogue is such, that the smallest alteration in the lustre of the stars may be dis- 
covered, by a proper attention to their expressions : the variation in the light of « 
Herculis is however pretty considerable, and cannot easily be mistaken, when 
strictly compared to a proper standard. The star most conveniently situated for this 
purpose is x Ophiuchi ; and as I have had no reason, during the time of my obser- 
vations, to doubt the uniformity of its lustre,' I have made use of it in the com- 
parisons ; which seem to be sufficiently decisive, with regard to the periodical 
variations of the light of « Herculis. Other stars besides x Ophiuchi have also been 
consulted; but the unsteadiness of their light would draw me into difficulties, which 
at present it will be proper to avoid. The observations are found to contain at 
least 4 regular changes of the alternate increase and decay of the apparent lustre of 
our new periodical star, deduced from a comparison of its brightness with that of 
* Ophiuchi. 

In order, from the table of observations, to obtain the time of the period, if we 
first take all the successive observations from| Sept. 16, till Nov. 28, they show 
very clearly that the star has completely gone through all its changes. For, ad- 
mitting a maximum of the light of « Herculis to have been Sept. 16, we find a 
minimum on Oct. 25 ; and a 2d maximum about Nov. 28. The period therefore 
is of somewhat more than 2 months duration. But as changeable stars are subject 
to temporary inequalities, which will render a determination of the length of a 
period, from a single series of changes, liable to considerable errors, we shall now 
take the assistance of the most distant observations. By an inspection of the 
table, we find again the first maximum to have been about Sept. 16, 1795; and 
the 4th the 14th of May, 1796. This being an interval of 241 days, in which 4 
successive changes have been gone through, we obtain about 604- days for the 
duration of the period. In confirmation of this computation, the table shows that 
our periodical star was very faint in August 1795* bright about the middle of Sep- 
tember; faint towards the end of October; bright the latter part of November; 
faint in December; bright in January, 1796; not observed in February; bright in 
March; faint in April; and lastly, bright again in May. This is just what should 
have happened according to the above determination, which, as we have seen, 
gives a period of 8 weeks, 44- days. Greater accuracy can only be obtained by 
future observations. 

On the rotary motion of the stars on their axes . — The rotation of the fixed stars 
on their axes has been lately mentioned in a paper, where I could not have an 
opportunity to enter into the reasons why it ought to be admitted*. The rotatory 
motion of stars on their axes is a capital feature in their resemblance to the sun. It 
appears now, that we cannot refuse to admit such a motion, and that indeed it may 
be as evidently proved as the diurnal motion of the earth. Dark spots, or large 
portions of the surface, less luminous than the rest, turned alternately in certain 
directions, either towards or from us, will account for all the phenomena of 

• Phil. Trang. for the year 1795.— Orig. 
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periodical changes in the lustre of the stars, so satisfactorily, that we certainly need 
not look out for any other cause. Let us, however* take a review of any ob- 
jections that might be made. 

The periods in the change of the lustre of Algol, (3 Lyras, S Cephei, and » An- 
tinoi, are short; being only 3, 5, 6, and 7 days respectively: those of o Ceti, the 
changeable star in Hydra, and that in the neck of the Swan are long, amounting 
to 331, 394, and 497 days. Will not a doubt arise whether the same cause 
can be admitted to explain indiscriminately phenomena that are so different in their 
duration? To this it may be answered, that the whole force of the objection is 
founded on our very limited acquaintance with the state of the heavens. Hitherto 
we have only had ^ stars whose periodical changes have been determined. No 
wonder then that proper connections between their different periods were wanting. 
But let us now place * Herculis among the list, which is not less than 60 days in 
performing one return of its changes. Here we find immediately, that the step 
from the rotation of « Herculis to that of 0 Ceti, is far less considerable than that 
from the period of Algol to the rotation of « Herculis; and thus a link in the 
chain is now supplied, which removes the objection that arose from the vacancy. 

There is however another instance of a slow rotatory motion ; and it is doubly 
instructive on this occasion. In a former paper it has been shown, that, the 5th , 
satellite of Saturn revolves on its axis in 79 days; this not only shows that very 
slow rotatory motions take place among the celestial bodies; but from the argu- 
ments that were brought to prove its rotation, which I believe no astronomer will 
oppose, we are led to apply the same reasoning to similar appearances among the 
fixed stars. A variation of light, owing to the alternate exposition of a more or 
less bright hemisphere of this periodical satellite, plainly indicates that the similar 
phenomenon of a changeable star, arises from the various lustre of the different 
parts of its surface, successively turned to us by its rotatory motion. The rota- 
tions of the sun and moon, and of several of the planets, become visible in . a 
telescope by means of the spots on their surfaces; the remote situation and small- 
ness of the 5th satellite of Saturn leave us without this assistance; but w’hat we 
can no longer perceive, with our best optical instruments, we now supply by rational 
arguments. The change in the light of the satellite proves the rotation; and the 
rotation once admitted, proves the existence of spots, or less luminous regions on 
its surface, which at setting off were only hypothetical. In the same manner a 
still more extended similarity between the sun and the stars offers itself, by the 
spots that now must also be admitted to take place oil their surfaces, as well as on 
that of the sun. 

To return to the difficulty which has been started, it may be further urged, that 
there are some reasons to surmise that the 34 Cygni is a periodical star of 18 years 
return*; and that other stars seem very slowly to diminish their lustre, and may 
probably recover it hereafter. In answer to this, I remark, that it will not be neces- 
* Phil. Tran*, for the year 1786', page 201.— Orig. 
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sary to remove objections to the rotatory motion of the stars, inferred from their 
very slowly changeable lustre, till they come properly supported by well ascertained 
facts. Many causes in the physical construction of the stars may occasion an acci- 
dental and gradual increase or decay of brightness, not subject to arty regularity in 
its duration. But when settled periods can be ascertained, though they should be 
of the most extended duration, it will not be difficult to find other causes to ex- 
plain them, without giving up the rotatory motion. When the biography of the 
stars, if I may be allowed the expression, is arrived to such perfection as to present , 
us with a complete relation of all the incidents that have happened to the most 
eminent of them, we may then possibly not only be still more assured of their ro- 
tatory motion, but also perceive that they have other movements, such as nutations 
or changes in the inclinati6n of their axes; which, added to bodies much flattened 
by quick rotatory motions, or surrounded by rings like Saturn, will easily account 
for many new phenomena that may then offer themselves to our extended views. 

After this follows the 2d catalogue of the comparative brightness of the stars; 
not necessary to be here re-printed. 

XX. Abstract of a Register of the Barometer, Thermometer, and Rain , at 
Lyndon , in Rutland, 1795. By Thos. Barker, Esq . p. 483. 
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'XXI. Observations on the Changes which Blood undergoes, when Extravasated into 

the Urintvry Bladder, and retained for some Time in that Ftscus, mixed with the 

Urine. By Everard Home , Esq., F. R. S. p. 486. 

• A gentleman, 71 years of age, in the spring 1795, found that in making water, 
the urine had the appearance of blood, and congealed into a solid mass as soon as 
received into the vessel. This complaint appeared to have arisen from the rupture 
of a vessel in one of the kidneys, for he had a pain in his loins, but none in the re- 
gion of the bladder. He seemed to void no water, for the whole quantity which 
was expelled at any one time, amounting to about 4 oz. formed itself into a coagu- 
lum ; next day he voided bloody water, which did not coagulate. This continued 
fdr 3 or 4 days, and then went entirely off. In the spring, 1796, he had a return 
of the same complaint. It came on in the evening of the 3d of April ; on the 4th 
it was very violent ; and in the afternoon there was a total suppression. A catheter 
was passed 6 or 7 times ; but the oval holes near the end of the instrument were 
always filled with coagulated blood, and no urine could be drawn off. On the 5th, 
a larger catheter was passed, with small round holes, less likely to have the coagu- 
lum entangled in them, but no urine came away. In the evening it was introduced' 
again, having its cavity completely lined with a flexible gum catheter, which was' 
withdrawn as soon as the instrument was carried to the fundus of the bladder ; and 
in this way 4 oz. of a bloody fluid were drawn off, which on exposure coagulated. 1 
On the morning of the 6th, a pint of bloody urine was drawn off ; this operation 
was repeated 3 times in the 24 hours, and the same quantity was brought away 
each time. 

On the 7th, the urine drawn off was less tinged with blood; and when it was 
allowed to stand, the upper part became tolerably clear. There was little change 
m the circumstances for 6 days; but on the 13th the urine drawn off was of a 
darker red colour, and in smaller quantity. On the 16th, the colour was more of 
a light brown, and after standing some time, a whitish powder was deposited; the ■ 
urine drawn off in the morning on getting up, was nearly of the natural appear- 
ance, but that brought away in the course of the day, had a deeper tinge, and 
more of the white sediment, which evidently passed off only with the last part of 
the urine. On the 19th, the urine was tolerably clear, and the white sediment 
more completely separated, and in greater quantity. In the course of the night, 
while laying in bed, the patient voided naturally in many different attempts, 4 oz. 
of water, but could not make any when up. The urine now continued clear from 
any tinge, but no more passed without the catheter bring introduced, till the28th, 
when he again made some water naturally, but could not completely empty the 
bladder; on the 29th, the quantity which required being drawn off was less; and 
by the 5th of May he made water as usual, at which time the sediment began td 
diminish, and gradually disappeared. From the symptoms which have been stated, 
it appears that part of the blood which passed into the bladder from the kidney had 
remained there, and formed a coagulum, which coagulum gave a bloody tinge to 
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the urine, and caused an inability to void it without assistance, till the coaguhim 
was dissolved. With a view to ascertain how far this had been the case, and dis- 
cover what changes the blood undergoes when placed in such circumstances, I iiw 
stituted the following experiments. They were performed by Mr. Charles Grover, 
a very ingenious surgeon, at pfesent house surgeon in St. George’s hospital. 

Exper. 1. 4 oz. of blood were drawn from the arm into a phial containing 4 o*. 
of fresh urine, and the phial was kept in the temperature of the human body; in 
15 minutes the whole mixture -formed a uniform firm coagulum, and appeared 
wholly composed of blood. This experiment was made to ascertain the probable 
time the blood would take to CQagulate in the bladder. 

Exper. 2. 6 oz. of blood were drawn from the arm into 6 oz.. of fresh urine? in 
^5 minutes the whole mass became one solid coagulgm. In 7 hours, 6dro. of 
elear fluid were separated from it; this was poured off, sod the same quantity of 
fresh urine was added; after standing 9 hours it was poured off? some red globules 
were mixed with it, but sunk to the bottom undissolved. The coagulum had fresh 
wipe added to it 3 times a day, the former urine being previously poured off, and 
allowed- to stand spine hours fpr examination. For the first 5 days the coagulum 
appeared to undergo little change, except becoming smaller in size, and the urine 
poured off from it was tolerably clear, but. on standing deposited a dark, cloudy se-. 
djment. On the 6th day, the urine, , when, poured qff from the coagulum* wap of 
a dark red colour, apd deposited a greater quantity of a dark coloured sediment, 
hut on standing became tolerably clear. On the 9th day* the co^uluna was re- 
duced to the size of the original quantity of blood drawn from the arm. On the 
13th day* the size-of. the coagulum was a good deal reduced; the urine poured off 
from it was still more tinged with the red globules; but when allowed to stand, the 
upper part became clear, and free from the red tinge, and the sediment had the ap- 
pearance of a whitish pqwder. From this time the quantity of white sediment in- 
creased, apd the size of the coagulum diminished. In its decrease from this period 
the loss, was from its external surface, and nearly equally all round ; what remaned 
appearing like the nucleus of the original coagulum. On the 25th day, it was of 
the size of a large cherry, and on the 29th it entirely disappeared. Some red 
globules were very distinctly seen in the sediment along with the white powder. To 
see how far the changes the blood had undergone in this experiment depended on 
the peculiar properties of the urine, the following experiment was made, with blood 
and common water. 

Exper. 3. 6oz. of blood were drawn from the arm into 6oz. of water. In. a 
4. of an hour, the whole became one solid coagulum. In 12 hours, 6 oz. of a 
dear water, of a bright red colour, were separated, nor did it on standing deposit 
aoy sediment This coagulum had fresh water added to it twice a day, and what 
was poure4 off was allowed to stand for examination. The coagulum on the 2d 
day began to break; on the 5th had a putrid smell; and in 18 days was almost en- 
tirely dissolved. . The water poured off was of a bright red colour from the be- 
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ginning to the end of the experiment, in consequence of the red globules being < 
dissolved; it had a very offensive smell, but never deposited any white sediment; 
the coagulating lymph dissolving from putrefaction. As it is evident, from the result 
of the last experiment, that the coagulum remaining so long undissolved in the 2d 
experiment depended on its being mixed with the urine, I was desirous of knowing 
whether it was the urine incorporated with the coagulum, or that which sur- 
rounded it, which produced this effect. TO determine this point I instituted the 
following experiment. 

Exper. 4. 4 oz. of blood were drawn from the arm into a cup, and allowed to 
coagulate ; 4 oz. more were drawn into a separate cup. From each of these equal 
portions of coagulum, at the end of 3 hourS, 1 oz. of sprum was separated, and 
poured off. To one of them fresh urine was added: to the other common water. , 
The urine and water were changed night and morning. The water was tinged of 
a bright red colour throughout the whole experiment, and deposited no sediment. 
On the 8th day the coagulum was rather looser in its texture. On the 13th day it 
began to break, and by the 20th day it was nearly dissolved, 'the progress cor- 
responding with that of the coagulum in experiment 3. The urine the 2d day of 
the experiment was clear, but the bottom of the basin was covered With red glo- 
bules, undissolved. On the 5th day, the urine poured off was tinged of a bright 
red colour; similar to the water taken from the other coagulum; and after standing 
some hours a white sediment was deposited. On the 1 3th day it was looser in tex- 
ture, and more dissolved than the coagulum in die water. It continued to tinge 
the urine of a bright red colour, and what was poured off deposited a white sedi- 
ment in greater quantity. On the 18th, the coagulum was nearly dissolved; so 
that the coagulum immersed in the urine dissolved two days sooner than that in the 
water. 

From this experiment we find, that it was the urine incorporated with the 
coagulum in experiment 2, that prevented the red globules from dissolving, and 
preserved the coagulum for so long a time, since these effects were not produced 
by urine while simply surrounding the coagulum. If we compare experiment 2, 
With the result of the case, they agree so entirely, that it leaves no doubt Of the 
process carried on in the bladder being similar to that which took place otrf of the 
body. The patient was unable to make water for 24 days, though the passages 
readily admitted, during the whole of that time, an uncommonly large instrument, 
which could not have been the case had there been any obstruction in them 1 ; for 6 
days more he voided it with difficulty, but afterwards made water very we#; The 
coagulum out of the body was reduced in 25 days to the size of a ; cherry, and in 4 
days more it was completely dissolved. The patient’s urine became darker, front 
the red globules mixing with it in g days. In the experiment this took place in5 
days. The' white sediment was first' observed, in both instances, about the 1 2th 
day; it continued to be deposited fill the patient got Well, and to the end 'of the 
experiment. 

K 2 
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That the blood k capable of uniting with a quantity of urine equal to itself, so as 
to form a firm coagulum ; that the red globules do not dissolve in a coagulum so 
formed; that an admixture of urine prevents the blood from becoming putrid; and 
that the coagulating lymph breaks down into parts almost resembling a soft powder, 
are facts which I believe to be new; — they may however have been before ascer- 
tained, though I have not been acquainted with them. They are certainly not 
generally known, and one object of the present paper is to communicate them to 
others. These facts, considered' abstractedly, may not appear of much importance; 
but when compared with what takes place in the living body, and found to agree 
with the process the blood undergoes in the urinary bladder, they become of no 
small value, since they enable us to account for the symptoms that occur in that 
disease, and lead to the most simple and effectual mode of relieving them. 

XXII. On the Fructification of the Submersed Algce. By Mr. Corria de Serra, 

F. R. S. p. 494. 

The light which the prevailing spirit, of inquiry and observation has thrown on 
the means of reproduction allowed by nature to vegetable beings, is not yet equally 
diffused over all of them. Those whose simpler organization seems, when ex- 
amined, to want some of the parts which we are accustomed to consider as essen- 
tial-to generation, continue to the present moment more or less involved in dark- 
ness; and their fecundation, and means of reproduction, are still objects of doubt 
and inquiry. Among them the fuci, ceraraiums, ulvae, confervse, all submersed 
algae, are perhaps in the - number of the less illustrated. It is probable that their 
peculiar way of living, which requires from nature a particular modification in the 
parts destined to reproduce them, as well as in the means of performing this opera- 
tion, has been the principal cause of the perplexity of naturalists on this subject. 
They have either sought for things in their ordinary form, which nature furnishes s 
to these plants under a different one, adapted to their circumstances; or they have 
thought that she deviates from her usual ways, when she only makes use of her 
stubborn versatility, enforcing the execution of her general plan, by the means 
which at first sight seem to make her deviate from it. In the present memoir 1 
shall endeavour to ascertain what parts of these plants perform the sexual functions i 
and, in order to be clear, I will first relate in a few words, what has been observed 
and believed on this point, and proceed afterwards to the exposition of the opinions, 
which observation and the strictest analogy induce me to hold on this subject. 

Reaumur was the first naturalist who bestowed a proper attention on the fructi- 
fication of the Fuci. Two. elaborate memoirs of this great man are to be found,, 
in the Parisian Transactions, for the years 1711 and 1 7 12, in which he endeavours 
to persuade us, that the vesiculae filled with 6mall grains are the female part of the. 
fructification in the fuci, and the filamentous hairs, which are found in. different 
parts of the irons,, the male organs. He examined *11 species of fuci, in 8 of 
which he found grains, and only in 6 the filamentous hairs. It is unlucky for his 
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opinion, that these hairs have no antherae, and still more unlucky that their exist- 
ence has no relation at all to that of the vesicles which bear the grains, for they 
v are persistent through all the life of the plant,- without any remarkable alteration. 
Their situation besides is very unfit for the fecundation of the grains, except in 
the Fucus elongatus. Notwithstanding the weight of these objections, which he 
did not conceal, this otherwise sensible naturalist tried to the last to support by hy- 
potheses, what he could not fairly prove by observations. His great name, joined 
to the general ascendancy which the sexual system gained a little after all over Europe,, 
gave however a common currency to his opinion ; and it was received, though in a 
wavering manner, by Linnaeus himself, and, what is more surprizing, by the last 
of the Jussieus. These great men indeed gave it as the prevailing opinion of the day,, 
not confirmed by any sanction of theirs. This was not the case of less profound 
botanists; for they, as the fashion then was, attempted to see stamina and antherae, 
like the common ones, wherever they had not been observed before. I deem it 
unnecessary to stop a moment to consider the multitude of supposed stamina,, 
which Donati, Griselini, and others, imagined they had found inFuci, and Ulv®, 
because it is at present clearly evinced that these fancied stamina are only organs of 
nutrition. 

Cooler observation and reflection exploded at length all these dreams; but Gmelin,. 
and Gaertner, the two greater among the naturalists who followed a different way of 
thinking, went perhaps too far on the opposite side. Gmelin convinced both by 
reason and observation of the inutility of the Reaumurian antherse, and writing at 
a time when the recent publications on the hydrse, and on the aphides, had made it 
fashionable to find examples of multiplication of organized bodies without fecunda- 
tion, determined to consider these plants as in the same predicament. Every one 
may see, in his Historia Fucorum, the elaborate discussion by which he endeavours • 
to establish his opinion. It dazzlesat first sight, but, on a candid examination, all 
bis arguments, when deprived of the apparatus of science which accompanies them, , 
may be reduced to the following; namely, that since the supposed male organs are. 
not such in reality, and no others are to be found, the small grains which act as 
seeds are prolific, without receiving external fecundation. We shall see as we pro- 
ceed, how groundless is the supposition on which this argument rests.. 

Gaertner, by far a deeper naturalist than the preceding, and keeping more closely 
to the ways of nature, would doubtless have given us- the true and simple account 
of the fructification of the submersed algae, if the specious Adansonian theory of 
aphrodite plants, and his own ideas of the perfect seed, had not in my opinion led 
him astray. The grains of the ceramiums and , ulvae, and the lateral intemodia of 
the confervse, he excludes from the number of seeds, and believes them to be gem* 
of a particular kind, which he calls gongylt,.or gemmae carpomorphae, consequently 
not standing in need of fecundation. The grains of the foci he judges to be true 
seeds; but in this case he believes that the uterus performs the male functions,, and* 
that the plants, in respect to their fecundation, are aphrodit®, having only the ap- 
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paratus fcetnineus, et intimam utriusque sexus sub specie singuli copulam. Both he 
and Gmelin, forced by phenomena which they could not help observing, have 
been in some moments very near to what I conceive to be the truth, but have sacri- 
ficed it to preconceived opinions. 

In the last year two English botanists, to whom science stands indebted for 
many excellent descriptions and figures of fuci, Major Velley, and Mr. Stackhouse, 
treated this same matter, the first at large, the second occasionally. Both have 
stated, with great ingenuity and candour, the many objections which attend the 
existing systems, and both declared themselves not fully satisfied with the present 
state of our knowledge on this subject. Mr. Stackhouse indeed seems to cherish 
hopes of future discoveries of the male organs, in what he calls the concealed fi- 
brous fructification, the antherae not seeming necessary to him, nor the farinaceous 
pollen *. Perfectly agreeing with him, in what respects the needlessness of a fari- 
naceous pollen, I cannot accede to the other parts of his opinion. A membrana- 
ceous loculament, containing the pollen, is the only necessary part of the male 
apparatus in plants ; the filaments and the fibrous texture, are only the pedicles of 
it, and very far from being necessary, as the sessile antherae- of numberless fructi- 
fications clearly prove. If a fibrous concealed structure could be esteemed of any 
use, it w^s already found by Gmelin, in the seed-vessels of the true fuci, and ele- 
gantly described by Major Velley, in the Fucus Vesiculosus, and by Mr. Stackhouse 
himself, in . the Fucus Siliquosus ; but, even when magnified, it offers nothing 
more than simple tubular vessels, with frequent anastomoses, very remote indeed 
from the nature of a male apparatus. 

Having stated the leading systems on the fructification of submersed algae, I will 
next submit to this Society such opinions as the phenomena I have observed induce 
me to have about it. All these plants are furnished with grains, which are a tern, 
porary production, and by their falling give rise to new individuals of the same 
species. In the true fuci they are contained in a uterus, which has a temporary 
existence, and for their sake only, where they have a placentation, and are covered 
by a testa, or coat of their own. Nobody doubts that they are true seeds. The 
ceramiums and ulvse have the same grains, as means of reproduction ; and the con- 
fervas also have them, though of a different shape. What then can be the reasons 
why these last are to be considered as gongyK and gemmae carpomorphae ? The only 
argument adduced to deprive them of the nature of seeds are the 3 following. 1st. 
The grains of the ulvae and ceramiums are solitary, not contained in a proper ute- 
rus, consequently without a placentation. They are, says Gaertner, part of the 
medulla of their mother, and their skin is part of the maternal one. 2d. They 
do. not, in germinating, leave any coat behind. 3d. In the confervae, whose grains 
have some likeness to fresh internodia, 2 or more of them very often coalesce, but 
give rise to only one individual. 

All these reasons require to be candidly discussed ; and I hope tire result of the 
* Nereis Britannica, in the preface, and page 30.— Orig. 
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investigation wilt afford us many additional motives to believe them to be true seeds. 
The first of these objections cannot stand the test of dose examination. The 
grains of the ceramioms, like those of the true foci, fall at a proper period, which 
Gaertner calls senium, but which others will call maturity. If gently squeezed, 
they come forth front the little eavhy where they are formed, and which they must 
leave when ripe. They come forth whole, and disengaged from the mother, and 
from every part of the frons ; they have therefore a skin of their own. They are 
contained in a small uterus, proportionate to their size, which is of a temporary 
existence, and for them alone; where they are no doubt affixed by some placentae 
tion, from which, when they come to maturity, they are disengaged and fall. If 
we add to these considerations, that of their existing there enveloped in $ soft 
juicy substance, all their difference from the seeds of the thie/uci wholly disap- 
pears * ; and a strong probability arises, that Gaertner’s observations were made on 
dry specimens* as- well as with a mind not only impartial to his preconceived 
theories* 

The 2d reason is of a more specious nature, and requires 1 serious attention. 
Animals are divided into oviparous and viviparous, and ^ generally received- compa- 
rison points out the seeds as the eggs in plants, and the gems as correspondent t6 
living-born foetuses. We cannot, conceive, says Gaertner, an egg where the ani- 
mal, when coming forth, does not leave the shell behind ; and in- like manner we 
cannot conceive a seed where the coats are not left behind in the germirtatfont 
The grams of the ulv®, ceramiums, See. according to him, do not leave any coat 
when they germinate, and are consequently gemmae carpomopph®. Every' candid 
naturalist will easily. acknowledge, that we are not possessed of observations suffi- 
ciently decisive to enable u* to speak dogmatically, on phenomena' so little* obvious 
as the germination of these grains. But I will nut contest the fact* I trill only 
examine the principle. This general rale, of judging whether these* grains be seeds 
or-getns, by their leaving their coats-in the, germination, or not, is contradicted by 
nature* both in the instance of gems, and in that of eggs. All gems, properly 
so called, throw off their scaly hybemacula in' the act of germinating. On the 
contrary, the eggs -of frogs and toads leave no coat at all in their hatching, because 
they me possessed of none. Their very viscous albumen answers; in such ari ele-i 
ment as water, all the purposes the testa accomplishes in other* eggs. Allowing 
Gaertner the exactness of his observation concerning our plants, the analogy be*- 
tween these submersed algae and the aquatic oviparous quadrupeds would be strik- 
ing-, since both those plants and these animals are capable, from their structure, of 
bring nourished by absorption ; their embryos are hatched in the same element, and 
equally- surrounded by a- tenaeious mucous substance, without any exterior coats; 
If the spawn of frogs be eggs, the'grains of these plants must be seeds. 


t 

\ 
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* I have made mention of the cer&miums in this paper only to follow Gartner through his objections. 
This genus, first made by Donad, adopted by Adanson, and Gartner, has in reality scarcely any dif- 
ference from the fuci, — Orig. % 
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The 3d Objection, very far from being an urgent one, is, I am persuaded, a ca- 
pital reason to believe that the seeming lateral internodia of the confervae, since 
they are capable of cohering 2 or more together, and produce only l individual, are 
true seeds, and not gems. The coherence of 2 living embryos, whether gems 01 ; 
seeds, may form monsters, but it is equally impossible, in both cases, that perfect 
individuals should regularly be formed by such coalition. Observation daily shows, 
that of 2 or more neighbouring gems or seeds, 1 may thrive by rendering the other 
abortive ; but, in this case, gems never cohere, the abortive one falls. In seeds, 
on the contrary, not only the abortive coheres to the thriving one; but this abor- 
tion happens oftener in the several species of plants, in proportion as the seeds, by 
their situation, are apt to cohere. In some genera it is even a regular proceeding 
of nature, as in the dajea, lagcecia, hasselquistia, sapindus, ofnitrophe, &c. These 
objections having been I hope satisfactorily answered, I do not hesitate to consider 
.these grains of the submersed algse to be, what obviously they .seem, their effective 
seeds. The figure, formation, and temporary fall of these bodies, would never 
have left any room for the above doubts, if their fecundation had been easily ac- 
counted for. This point we must now proceed to investigate, and examine whether 
Ahe mucous substance which surrounds these seeds can be considered as true pollen. 

Pollen is by its nature immiscible with water, and specifically lighter than that 
fluid. In the aquatic plants, which have a farinaceous pollen, the buds of the 
flowers emerge from the surface of the water, and the fecundation is performed in 
the open air. The phenomena attending the blossom of the potamogetones, my- 
riophylla, vallisneria, &c. are too well known to require a particular mention. In 
some aquatic plants, whose flowers have qot the faculty of emerging from water in 
the period of fructification, but still are endowed with farinaceous pollen, nature 
has taken every precaution to defend it from that element. The flower of the 
zostera is situated, and its fecundation happens, in the interior cavity of the stem, 
which opens itself afterwards to let loose the fecundated seeds. The concave bases 
of the leaves, in the isoetes, closely adhering to each other, and perhaps more so in 
the act of fecundation, forbid the entrance of water to the minute flowers situated 
within them. In the pilularia, and marailea, whose flowers are exposed to inunda- 
tions, the fecundation is performed in perfectly closed vessels. Even, in plants 
living in the air, nature employs numberless well known contrivances, to shelter the 
farinaceous pollen from the contact of water in rainy seasons. The pollen, to be 
active in fecundation, needs not always be farinaceous. In most apocyneae it is ra- 
ther a fluid ; in the orchideae it is an aggregate of solid part6, of a ceraceous ap- 
pearance ; in some contortae it is found in a solid or rather viscous state. In the 
pilularia, and marsilea, the particles of the pollen are kept in small bags of a mucous 
substance, compared by Bernard de Jussieu to dissolved gum. The original state 
in which it is found in every flower, before the act of fecundation, is that of a mu- 
cus, but it is perfectly active even in that state, since its particles, after becoming a 
1 
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■little dry, if put into certain fluids, are seen, by the help o£ the microscope, acting 
in the same manner as when in the state of perfect farina. 

The plants whose fructification lies unsheltered under water are very few in num- 
ber ; and such of them as have been hitherto thoroughly examined, (the cerato- 
phyllum and the chara), have anthers furnished with mucous pollen, not bursting 
in the fecundation. From the time of Dillenius it has been observed, that the 
submersed anthers of the ceratophyllum never burst, but are found whole, though 
the seeds be ripe If squeezed, they shed a soft and pulpous matter, like that 
which is found in unripe anthers. Dillenius suspected that the fructification of the 
chara being equally submersed, its anthers and pollen would be of the same nature 
with the preceding, and observations have fully confirmed the conjectures of this 
great naturalist. The anthers of the chara do not burst in fecundation ; its pollen 
is mucus : the germen has no pistillum, and is probably fecundated through its 
receptaculum, as there exists in each internodium, according to modern observa- 
tions -f-, a chain of vessels which twist round the anthers and the fruit, and in 
which a circulation of humours is visible, at least in the period of fructification. 

If pollen therefore, under the shape of farina, be unfit for fecundation in the 
water ; if nature has taken a particular care to guard this operation from the pre- 
sence of that element ; if pollen can exist in an active state under a mucus ap- 
pearance ; and if the anthers of perfectly submersed flowers are nothing else than 
dosed vessels filled with mucus pollen ; what doubt can we entertain, that the 
mucilaginous vesicles of the submersed algs, which contain also their seeds, are 
anthers, and very appropriate to the nature and situation of these plants f An 
observation made by Gleichen shows more clearly the propriety *of such, a fructifi- 
cation. The pollen of any flower, when put into water, in a very short time be^ 
gins to move, and its particles agitate themselves in every direction, perfectly re- 
sembling the most lively animalcula. Their activity in this state lasts some time $ 
but if the least quantity of salt be* put into the liquor, death quickly ensues, front 
which they never more recover £. This inclosed mucilaginous fructification was 
therefore the only one which could ensure existence to vegetables living qhiefly in 
sea- water, with which their mucus is found to be im miscible §. 

A still more urgent consideration will, I hope, determine those who may hesitate 
to consider the mucus of these plants as pollen, and the vesicles which contain it 
as anther®. The parts of fructification, in all plants, are temporaiy, and their 
existence is relative to their particular functions, and. to each other. The moment 
the fecundation happens is a moment of crisis : henceforth the fecundated parts 
proceed to grow and perfect themselves, the fecundating ones change and decay. 
This is a general law of nature, to which vVe know no exception, nor can any he 
■easily conceived to exist. We must remark, that there is an epoch when the 
mucous substance in the vesicles of the foci suffers a material alteration, but the 

* Plant* Gissenses, page 91 • + Corti, Osserv. Microscope Lucca, 1774. 

J Gleichen, Observ. Microscop, page 32. § Gmelin, Hist Fucorum, page 27.*— Orig. 
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grains proceed to their perfection. In the fucus vesiculosus this change of colour 
and consistency in the mucus is evident to common sight. It is still more evident 
in the fucus selaginoideus, where the temporary bright and vivid colour of the mu- 
cus, followed by a prompt decay after that period, has struck, even those naturalists 
who most decidedly opposed the existence of male parts in these plants ; and I am 
confident, from the steadiness with which nature adheres to her general plans, that 
proper observations will demonstrate the same in every species of those submersed 
algae, and confirm what the forementioned analogies induce me to think, viz. That 
the vesicles of all these plants, whatever be their shape, if containing grains and 
mucus, are to be considered as hermaphrodite flowers ; the grains they contain as 
their seeds, and the mucous substance as their pollen. 

END OR THB BIGHTY-SIXTH VOLUME OF THE ORIGINAL. 


I. The Croonian Lecture. In which some of the Morbid Actions of the Straight 

Muscles and Cornea of the Eye are explained, and their Treatment considered. 

By Everard Home, Esq . r. R. s. Anno 1797- Vol. lxxxvil p. 1. 

In my 2 former Lectures, to the r. s. on Vision, I confined myself to the adjust- 
ment of the eye for seeing objects at different distances. From the attention which 
I there necessarily paid to the natural actions of the muscles, and the structure of 
the cornea, I have been led to consider the effects which a diseased state of these 
parts will produce on the phenomena of vision. 

That I may be understood in giving an account of the diseases that arise from 
morbid actions of the straight muscles of the eye, it will be necessary to explain the 
effects which their natural actions are intended to produce ; for these are not con- 
fined to the separate, or combined actions of the muscles, but also vary according 
to the degree of their contraction. The first and most simple of these effects is that 
of moving the eye-balls in different directions. The 2d is that of making the mo- 
tions of the 2 eyes correspond with such a degree of accuracy, that when an object 
is viewed with both eyes, the impressions from the object shall be made on cor- 
responding parts of the retina of each eye* The 3d is that of compressing the eye- 
balls laterally, which renders the cornea more convex, and pushes forwards the 
crystalline lens, to adjust the eye to near distances. Distinct vision with 2 eyes de- 
pends upon these different actions of the straight muscles ; an imperfection in any 
one of them, as it renders the organ unfit to perform its functions, must be con- 
sidered as a disease. Three different diseases occur in practice, which appear to 
arise from morbid actions of the straight muscles. These are, an inability to see 
near objects distinctly ; double vision ; and squinting. I shall consider each of 
these separately. 

Of the inability to see near objects distinctly. — As that action of the muscles 
which produces the adjustment of the eye to near objects, consists of the greatest 
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degree of contraction usua]iy exerted by them, it puts the fibres into a very uneasy 
state ; which while in health they support with the utmost difficulty, and when 
affected by disease are unable to sustain : under these last circumstances hear ob- 
jects cannot be seen at all without considerable pain, and never distinctly, the eye 
not remaining a sufficient time adjusted for that purpose. I cannot better explain, 
the nature of this disease, than by giving an account of the symptoms which oc- 
curred in the following case. 

A gentleman 40 years of age, naturally short-sighted, of a delicate irritable habit 
from his infancy, being always soon tired by exercises that required muscular exer- 
tion, had the following affection of his eyes. His sight had been very perfect till 
he was 19 years of age ; at that time he resided in a part of the country where the 
ground consisted chiefly of white chalk, which produced an unpleasant glare ; and' 
his constant amusement both by day-light and candle-light was drawing, which he 
frequently pursued so far as to fatigue his eyes. While thus employed his com- 
plaints had their origin. The first symptoms were that of being unable to look 
long at any object without pain, and feeling uneasiness when exposed to strong 
light. The eyes were apparently free from disease, having no unusual redness, nor 
any purulent, or watery discharge. The plan that was first adopted for his relief 
consisted in lowering the system, both constitutionally and locally ; but this treat- 
ment rendered him more irritable, and made his eyes rather worse than before ; he 
therefore, after a trial of 8 years, in different means of this kind, gave them entirely 
up. For the next 5 years, in which nothing was done to the eyes, the symptoms 
appeared to have been stationary ; but at the end of that period, his mind suffering 
from an uncommon degree of anxiety, the complaints in his eyes were evidently > 
rendered worse ; this effect however depended solely on the state of mind, for as 
toon as he recovered from his distress, the eyes also returned to their former state. 

In this condition I first saw him in 1 795, when his eyes had no external mark of 
disease, and were moved by the muscles in every direction without the smallest 
uneasiness. He could look at any thing at some distance, as the furniture in the 
room, the passing objects, &c. with perfect ease ; but whenever he attempted to 
adjust the eyes to near objects, the effort gave so much pain, that though he suc- 
ceeded in seeing them, he was almost immediately obliged to desist. Every attempt 
to write or read gave so much pain, that he became unable to do eithor ; but as 
soon as the strain produced by such an effort was taken off, he was at ease. His 
disease therefore consisted in a want of power to adjust the eyes to near objects, for 
a sufficient length of time to render them distinct, which of course incapacitated 
him from reading or writing. The cause of this disease appears to be a morbid 
affection of the straight muscles of the eyes, which allows them to perform all their 
intermediate contractions as usual, but not the extreme degrees of contraction with- 
out considerable pain. 

As these symptoms have not, I believe, been before accounted for in this way, it 

1.3 



Digitized by 


Google 



PHILOSOPHICAL TRANSACTIONS. 


76 


[anno ljrgy. 


may appear to many who have not seen similar affections of other muscles, that th e 
present opinion is rather theoretical than practical ; it will therefore be satisfactory 
to illustrate this disease in the muscles of the eye, by examples of the same kind of 
mQrbid action in other muscles, more within the reach of common observation. 
The following instances all refer to the muscles of the fore-arm and hand, employed 
in actions with which every one is familiar, and show that these muscles are liable 
to be affected in the same manner as the muscles of the eye. 

A gentleman, 46 years of age, naturally of an irritable habit, which had been 
much increased by a long residence in the East Indies, was, about 8 years ago, in 
a situation of great responsibility in that country. He was much engaged in writing, 
and previous to the sailing of a vessel for England, had, with a view to finish some 
dispatches of importance, written incessantly for a great many hours; the immediate 
effects of this exertion were simply fatigue, and stiffness in the muscles ; but when 
he again attempted to employ the muscles in that action, he felt a nervous pain in 
the fore-arm, which was so severe as to oblige him to desist. This pain gave him 
considerable alarm, from the notion of its being of a paralytic nature, and many at- 
tempts were made to remove it. Recourse was had to electricity, and several other 
Stimulating applications ; but these always aggravated the symptoms, and they still 
eontinue. The circumstance in this case which is peculiarly applicable to my pre- 
sent purpose is, that the pain is only felt in the act of writing, the common mo- 
tions of the fingers and thumb not giving the smallest uneasiness. 

A gentleman about 4(5 years age, of a very irritable constitution, who had been 
in the habit of dealing cards for whole evenings together, wa& engaged in this em- 
ployment one night for 6 hours ; the weather was very warm, and he walked home 
in a state of perspiration, and went to bed. The window of his apartment, which 
faced the north, and was directly opposite to the foot of the bed, had been left open; 
the bed curtains were also undrawn. In the course of the night there was a sudden 
change in the weather [rom hot to cold, and the wind having shifted to the north, 
blew directly on his right arm, which was accidentally exposed. In the morning 
when he awoke his arm was in a very uneasy state. This however went off; but 
there was a pain in the muscles situated between the thumb and fore-finger, and 
those of the fore-arm, which continued, and gave him great uneasiness. As it was 
supposed to be paralytic, blisters were applied to the origin of the nerves at the 
shoulder, and a visit to Bath was agreed on as a necessary' measure. The effects of 
the blister rather increased the complaint, which raised a doubt about its nature ; 
and I found, on a careful investigation, that particular muscles only were affected, 
which suggested an inquiry into the use that had been made of them. This in- 
quiry led to a discovery of the real nature of the complaint, as only those muscles 
used in dealing cards were particularly affected. They were not in pain while at 
rest, but were unable to bear the least action without considerable uneasiness. This 
was greater at some times, than others; and though a year has now elapsed since the 
complaint came on, it is not entirely removed. 
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One of the principal tavern-keepers' in London was rendered very tineasy by af 
pain in the fore-arra, close to the elbow, which at times was- very severe; Ofr 
examining the parts, the pain was evidently not in the joint, but appeared to arise 
from an affection of the supinator brevis muscle, as the motion of that muscle 
gave pain.. The I stated .to him,, but told him I was at a loss to find out in what 
way that part could have been injured ; this was readily cleared up, when he in- 
formed me that the greatest pain he felt was in drawing claret corks, which he did 
with a jerk or sudden motiou of the arm, and it was immediately after an exertion 
of this kind that he had first felt the complaint. It was clear from this account 
that this particular muscle had been strained, and was rendered unfit to bear any 
violent action. 

These cases will be sufficient to explain that a muscle, or set of muscles, may be 
unable to perform those actions which require the greatest exertion, though capable 
of performing all the others. If then We consider the disease which causes the 
inability to see near objects as a strain on the muscles, and compare it with the 
same disease in other muscles, there will be no difficulty in accounting for the 
bad effects produced by every thing that irritates, or weakens the parts themselves, 
or the general habit : it will follow, that such a mode- of practice should be laid 
aside, and those means adopted by which the parts can be soothed in their sensa- 
tions, and quieted and strengthened in their actions, since in that way only the 
muscular fibres can possibly recover their tone. 

Of double vision . — Many opinions have been advanced to account for the single- 
appearance of objects when seen by both eyes. Dr. Reid of Glasgow, who, haa 
taken much pains on this subject, has treated it with much ingenuity and know- 
ledge ; and the opinion he has advanced, of objects appearing single when the 
impressions from the object are made on parts of the retina of the 2 eyes which 
correspond with each other, and double whenever that is not the case, is very 
strongly confirmed by the following observations on double vision. 

There are 2 circumstances under which double vision takes place : one where the- 
muscles of the eye do not correspond in their action, and therefore the 2 eyes do 
not bear equally on the object ; the other where some change has taken place in 
the refracting media of one eye, which prevents the pencils of light from im- 
pressing the corresponding parts of the retina of both eyes. Instances of double 
vision produced by these 2 inodes have fallen under my notice. It has been long 
ascertained by experiments, that when the eyes are not turned equally towards an 
object, it appears double, and the disease in the muscles which produces this effect 
is the subject which I now mean to consider. It will at the same time be proper 
to distinguish this kind of double vision from that which is produced by a change • 
in the refracting media of the eye ; and this will be best done by explaining the 
nature of those changes in consequence of which it occurs. 

When one eye has had the crystalline lens extracted, the other remaining per- 
fect, objects seen by both eyes will appear double; This is a fact which, was no- 
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ticed in a former lecture, in treating of the adjustment of the eye. At first it 
appeared difficult to account for the double vision, particularly as the 2 images were 
entirely separate from each other. It could not arise from the absence of the lens, 
as that would not alter the situation of the images on the retina ; and the 2 images 
being of different dimensions on similar parts of the retina, would appear to be 
one before the other. As the operation of extracting the lens in no respect affects 
tha muscles of the eye, the action of the muscles would be the same as before, 
and therefore could not contribute to produce this effect. The double vision in this 
instance appears to arise from the cornea of the eye which had undergone the 
operation being rendered flatter than the other, and giving a different direction to 
the rays of light, so as to form an image on a part of the retina not corresponding 
with the part impressed in the other eye. 

If the crystalline lens be extracted from both eyes, and the person applies a 
convex glass to one eye only, and looks at an object, it will appear double ; but if 
the convex glass is moved in different directions before the cornea, there will be 
found one situation in which it makes the object single. In this instance the cor- 
neas and muscles of the 2 eyes are under exactly the same circumstances ; and 
when the centre of the convex glass is directly in the axis of vision, the image on 
the retina of that eye is formed on parts that correspond with those impressed in 
the other ; but whenever the centre of the convex glass is out of the axis of vision 
this does not take place, and the object appears double. The experiments of 
which these observations are the result, were made on the eyes of a lady who had 
lost the sight of both, by opacities in the crystalline lenses ; but by submitting 
to have the lenses extracted she recovered her sight, and had afterwards an un- 
common degree of distinct vision ; which made her a very favourable subject for 
experiments of this kind. 

Having explained the 2 different modes by which double vision may take place 
in consequence of operations that render the refracting media of the eye imperfect, 
I shall now consider it when produced by a morbid action of the muscles. Several 
cases of this kind have come within my own knowledge, and I am induced to dwell 
on the subject, because some of them had been considered as arising from a defect 
in the organ, and erroneously treated. The fact has been long established by 
philosophers that a defect in the museles mpy produce such a disease ; but as other 
causes may also do the same, I believe that such a defect has not been practically 
considered, as one of the diseases of the eye ; certainly not as a very common one, 
which undoubtedly it will be found. 

The first case of this kind which led me to pay attention to the subject, was that 
of a friend, a lieutenant-colonel of engineers, who was in perfect health, shooting 
moor-game on his own estate in Scotland. He was very much surprized towards 
the evening of a fatiguing day’s sport, to find all at once that every thing appeared 
double; his gurt, his horse, and the road, were all double. This appearance 
distressed him exceedingly, and he became alarmed lest he should not find his way 
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home ; in this however he succeeded by giving the reins to his horse. After a 
night's rest the double vision was very much gone off ; and in 2 or 3 days he went - 
again to the moors, when his complaint returned in a more violent degree. He 
went to Edinburgh for the benefit of medical advice. The disease was referred to 
the eye itself, and treated accordingly ; the head was shaved, blistered, and bled , 
with leeches. He was put under a course of mercury, and kept on a very spare 
diet. This plan was found to aggravate the symptoms : he therefore, after giving 
it a sufficient trial, returned home in despair, and shut himself up in his own 
house. He gradually left off all medicine, and lived as usual. His sight was 
daring the whole time perfectly clear, and at the same time near objects appeared 
single ; at 3 yards they became double, and by increasing the distance they sepa- 
rated further from each other. When he looked at an object, it was perceived by 
a by-stander; that the 2 eyes were not equally directed to it. The complaint was* 
most violent in the morning, and became better after dinner, when he had drank 
a few glasses of wine. It continued for nearly a year, and gradually went off. 

The above account of the disease was given to me by the patient himself, who 
is an intelligent man, soon after his recovery. It was considered as a curious dis- 
ease, and I had several conversations with Mr. Ramsden respecting it. The more 
we considered it, the more we were convinced that the disease had been entirely in 
the muscles ; and this I explained to the patient at the time as my opinion. It is 
now about 8 years ago, and the gentleman has had no return of the disease ; but 
for 2 or 3 years past has lost in a great measure the use of his lower extremities, 
being unable to walk alone. ~ 

Some time after the recovery of this gentleman; a house-painter, who had ' 
worked a good deal in white lead, was admitted a patient in St. George’s Hospital, 
on account of a fever, attended with aviolent head ach. On recovering from the 
fever, he was very much distressed at. seeing every thing double; and as the fever 
was entirely gone, he was put under my care for this - affection of his eyes. On" 
inquiry into his complaints, I found them exactly to correspond with the case T 
have just described, and therefore treated them as arising entirely from an affection 
of the muscles. I bound up one eye; and left the other open : he now saw objects 
single, and very distinctly, . but looking at them gave him pain in the eye; and 
brought on head-ach. This led me to believe that I had erroneously tied up the 
sound eye ; the bandage was therefore removed to the other eye, and that which 
had been bound up was left open. He now saw objects without' pain, or the 
smallest uneasiness. He was thus kept with one eye confined for a week, after 
which the bandage was laid aside ; the disease proved to be entirely gone, nor did 
it return in the smallest degree while he remained in the hospital. Rest alone had 
been sufficient to allow the muscles to recover their strength, and thus produced 
a cure. 

A repetition of cases, fam very sensible, is not the most pleasing mode of con- 
veying information, except to medical men. I have therefore selected those only 
which are absolutely necessary to explain the different phenomena of the diseased 
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States of the eye at present under consideration. The cases brought forward with 
this view, are rather to be considered as the detail of so many, experiments made 
in the investigation of the diseases, than as histories of particular patients. When 
muscles are strained or over-fatigued, to put them in an easy state, and confine them 
from motion, is the first object of attention ; and this practice -is no less applicable 
to the muscles of the eye, than to those of other parts. 

Of squinting . — Whenever the motions of the 2 eyes differ from each other, 
whether in a less degree, so as to produce double vision, or in a greater, turning 
one eye entirely from the object, the disease has been called squinting. What I 
mean at present to consider under this head is, where the deviation of one of the 
eyes from the axis of vision is greater than that by which objects are made to 
appear double ; so that in this view, double vision is an intermediate state between 
single vision with both eyes, and squinting. Squinting has been very generally 
believed to arise entirely from an inability in the muscles to direct the eye properly 
to the object. There is however probably no original defect in the muscles ; cer- 
tainly none sufficient to sanction such an opinion ; since the muscles of a squinting 
eye have the power of giving it any direction, but cannot do it without some de- 
gree of effort. The defect therefore appears to be principally in the eye itself, 
which is too imperfect to assist the other in producing distinct vision. From this 
imperfection, the muscles have not the same guide to direct them as those of the 
other eye; and therefore, though perfectly formed, cannot make their actions 
exactly correspond with them. 

In a squinting person, both eyes certainly do not see the object looked at This 
is evident to a by-stander, who is able to determine, that the direction of one of 
the eyes differs so much from that of the other, that it is impossible for the rays 
of light from any object to fall on the retinas of both ; and therefore, that one eye 
does not see the object. The same thing may be proved in another way : for since 
a small deviation in the direction of either eye from the axi6 of vision, produces 
double vision, any greater deviation must have the same effect, only increasing the 
distance between the 2 images, till it becomes so great that one eye is directed to 
the object. In squinting there is evidently a greater deviation from the axis of 
vision than in double vision, and the object does not appear double ; it is therefore 
not seen by both eyes. 

The circumstance of those who squint having an imperfect eye, is corroborated by 
all the well authenticated observations which have been made on persons who have 
a confirmed squint, which all agree in stating, that one of the eyes is too imperfect 
to see distinctly. From these observations, it would be natural to suppose that 
the loss of sight in one eye, should produce the appearance of squinting, which is 
by no means the case ; for when that happens, the motions of the 2 eyes continue 
to correspond, though not exactly ; but the deviation not equal to that which is 
met with in squinting ; it is nearer to that which occurs in double vision. 

The reason why the imperfect eye of a squinting person is directed from the 
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object, while a blind one in its motions follows the other, is probably, that the 
indistinct vision of the imperfect eye prevents the muscles from directing it .to the 
object with the same accuracy as those of the other do ; .this small deviation from 
the axis of vision renders the object double, and interferes with the vision of the 
perfect eye ; and it is in the effort to get rid of the confused image that the mus- 
cles acquire a habit of neglecting to use the imperfect eye. It may also happen, • 
when the eye is so imperfect as not to receive a correct image of any object, that 
it may have been neglected from the beginning. Distinct vision being at once 
obtained by the perfect eye, the end is answered, and the mind is never afterwards 
.led to employ the other. The directum the eye takes under either of these cir- 
cumstances i6 inwards, towards the nose, the adductor muscle being stronger and 
shorter, and its course more in a straight line, than any of the other muscles of the 
eye. That the eye, when not accurately directed to the object, produces confused 
vision, and is for that reason turned away, appears to be confirmed by the ca^e of 
a patient, from whom I had extracted the crystalline lens. This man, at first, saw 
objects double, in a manner which extremely distressed him; but after. some 
months he acquired the habit of neglecting to employ the imperfect eye, apd no 
longer found any inconvenience. 

The different degrees of squinting appear to be in proportion to the imperfection 
in the vision of theeye, and, in some instances, the person is capable of seeing 
distant objects with both eyes, and only squints when looking at near ones. The 
following case is of this kind. A young lady, 23 yean of age, has been observed 
to squint from her infancy.; this has not been considered by her friends as the 
consequence of any defect in her eyes, but as arising from the cradle in which she 
lay having been so situated, frith respect to the light, as to attract her notice in 
one particular direction, so much as to. occasion a cast in one eye. Her eyes are 
apparently both perfect ; when she looks with attention at an object some yards 
distant she has no squint, but if her eyes are not engaged by any object, or a very 
near one, she squints to a considerable degree. On being asked if she saw objects 
distinctly with both eyes, she said certainly, but that one was stronger than the 
other. To ascertain the truth of this, I covered the strong eye and gave her a 
book to read; to her astonishment, she found she could not distinguish a letter, or 
any other near object. More distant objects she could see, but not distinctly. 
When she looked at a bunch of small keys in the door of a book-case, about 1 1 
feet from her, she could see the bunch of keys, but could not tell how many 
there were. . 

To see how far the 2 eyes had the same focus, she was desired to look at an ob- 
ject in the field of a microscope; and it was found that she saw most distinctly 
with hoth eyes at the same food distance, though the object was considerably more 
distinct to the perfect eye than to the other; so that the focuses of the 2 eyes were 
.the same. I desired her to cover the perfect eye, and endeavour to acquire an 
ac^ustment of the other to near objects, by practising the use of tliat alone. At 
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first she was unable to see at all with the imperfect eye, but in some weeks she has 
improved. So much as to be able to work at her needle with it; this she cannot do 
long at'atiy one time, the eye being soon fatigued and requiring rest, though with- 
out giving p&in. She is unable to read with the imperfect eye. These trials have 
only been made in' the course of 2 months, for a few hours in the day, and her 
friends think that she squints less frequently than she did. In this case it is pro- 
bable that the imperfect eye never had acquired the power of adjustment to near 
objects; for as distinct vision seems necessary to direct the muscles in their actions, 
the perfeet eye would require less practice to adjust itself than the other; and as 
soon as the near object became distinct to one eye, no information being conveyed 
Wthe mind of the failure in the otherj all efforts to render its adjustment perfect 
would be at an end, and it would ever after be neglected, while the perfect eye was 
in use. ’ , . . 

Squintfhg, according to tUese observations, Appears to arise from the vision in 
one eye being obscure. It may however be acquired in- a degree by children who 
have the lenses of their eyes of different-focuses; or have one-eye less perfect in its 
vision than the other, Mring constantly T vtith those who do squint, and by imitation 
acquiring a habit of neglecting to use one eye. The power of squinting volunta- 
rily may alto be acquired at any age. * This we find to be true in persons who look 
much through telescopes ; they- are led to apply the mind entirely to one eye, not 
fceeing at AH with the cither. In this ease the neglected eye will at first, from habit,, 
follow the other; but in time, if frequently neglected, may lose this restraint, . 
and be moved in another direction. Some astronomers, whose eyes have been, 
much used in this way, are said to be able to squint at- pleasure. 

Prom/ this view of squinting, it takes place under the 3 following circumstances : . 
where one eye has only an indistinct vision; where both eyes are capable of seeing 
objects, but the one less perfect in itself than the other; and where the muscles 
of one eye have acquired from practice a power of moving.it independently of the- 
other. When squinting arises from an absolute imperfection in the eye, there can . 
be no ewe. Where it arises from weakness only in the right of one eye, it may 
m tome instances be got the better of; but to effect the cure there is only one 
mode, whiqh is that of confining the person to the use of the weak eye by covering 
the other; in this way the muscles; from constant use, will become perfect in the 
habit of directing the eye on the object, gain strength in that action, and acquire 
a- power of adjusting the eye; when -these are established. in a sufficient degree, the 
other eye may be set at liberty. The time that anil be necessary for the cure must 
depend on the degree of weakness of the sight, and the length of time the mus- 
cles have been left to themselves; for it is with difficulty they acquire an increased 
degree of action, after having been long habituated to a more limited contraction. 

On the nature of the cornea, some of its diseases,, and mode of treatment . — The 
cornea of the eye, as the name implies, has been considered of a cuticular nature. 
Haller compares it to the nails in a soft state, and believes that in its regeneration 




Digitized by 


; Google 



VpL. LXXXVll.} . JHlliOJOWIICAIf TRANSACTIONS. . 83 

it resembles the epidermis. This opinion is founded on its want of sensibility, and 
having no vessels whieh carry red blood;. the appearance it puts on when preserved in 
spirits, which is exactly similar to the nails at their roots, probably confirmed this 
supposition. As the cuticle is devoid of life, it is only under the influence of di$- 
ease during its growth ; once formed, it qontinues unchanged. The cornea, were 
it of the same nature, would be equally incapable of taking on new actions from 
disease, or any other cause; but we find, on the contrary, that it undergoes many 
■changes, which exactly correspond with those which the living parts of an animal 
body go through when under the influence of disease; from which I am induced 
to consider it alive; and I find that many of the present teachers of anatomy are 
of the same opinion. 

To prove that the cornea has life, it is necessary, as a previous step, to show, 
that being supplied with vessels which carry red blood, and having sensibility, are 
not- essential to die possession of the living principle; for this purpose all that is 
required, is to demonstrate that there are living parts which have neither the opq 
nor the other. Tendons and ligaments in a natural state are instances of this 
kind. That these parts am nut supplied with red blood, is obvious 1 9 the eye of a 
common observer; no illustration will therefore be required to substantiate that 
proof. That they are not endowed with sensibility was, I believe, first fought by 
the late Dr. William Hunter,* who pnblished the following account of it.*f* In a 
case where the last joint of the ring-finger had been torn off, half an inch of the 
tendon of the flexor muscle projected beyond the stump; this it was thought right 
to remove; and to ascertain whetlier it was possessed <?f sensibility, the following 
experiment was made: a piece of cord, the thickness of the tendon, was passed 
round the wrist and along the aide of the finger, so as to project even with the end 
of the tendon; the man was told to turn away his head, and teU which of the 2 
were cut through; the tendon was divided, and the man declared it was the string, 
not having felt the smallest degree of pain. 

This proof is satisfactory; but that the cornea is possessed of life, by no means 
rests on any negative proofs; which I shall now endeavour to. explain. The cornea 
in Us structure is>iuade op of membranous laminae. One of these appears to be a 
portion of the tunica conjunctiva ; but it is either «p extremely thin, or so inti- 
mately connected with, the lamina next to it, as not to admit of more than a very 
partial separation from it; another lamina, as I have shown in a former lecture, is a 
continuation of the tendons of the 4 straight muscles; but as both of these laminae 
have the same properties as the other parts of the cornea, and are not to be; distin- 
guished from them, they must be considered in every respect as a part of it. The 
tunica conjunctiva and tendons, a cootio nation of whjch forms these anterior 
laminae of the cornea, are allowed to be living parts, and the portions that make 

* This doctrine was first taught by Dr. Hunter, in the year 1746. Haller made experiments proving 
*be ferae thing in 47$0. f Medical Observ. and Inquir. Vol. 4 > p 3*3.-~Orig. 
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part of the cornea are not to be distinguished by their structure from the rest; we 
must therefore suppose them to be also composed of living parts. When the 
cornea is. wounded it unites, like other living parts, by the first intention. If the 
wound is made by a clean cutting instrument the cicatrix is small; but if by a 
„ blunt instrument it is larger, extending farther into the neighbouring parts of the 
cornea, and a greater quantity of the coagulating lymph of the blood being re- 
quired to procure the union. 

Though the cornea, when divided in the operation for extracting the crystalline 
lens, commonly unites by the first intention, this union is in some cases attended 
with inflammation, which produces an opacity of the cornea; in other cases the 
inflammation exceeds the limits of adhesion, and the whole internal cavity of the 
eye proceeds to a state of suppuration. These stages of inflammation are oftly 
met with in parts possessed of life. It is true, that an injury may be committed to 
the cornea, such as a small piece of metal sticking in it, which from the indolent 
nature of its substance, shall remain there for months without producing inflam- 
mation; but an irritation of a less violent kind on the edge of the cornea, by which 
the tunica conjunctiva is also affected, will produce inflammation on that vasculax 
membrane, which may extend itself on the cornea; for it is impossible that the 
vessels of the cornea, which naturally carry only lymph or serum, can be made to. 
carry red blood, unless the irritation extends to some neighbouring part supplied 
with red blood. 

That vessels carrying red blood have been met with on the cornea in a diseased 
state, is doubted by Haller; he does not altogether deny it, but the assertion, he 
says, requires proo£ as he is not satisfied with the authorities of Petit apd others 
whom he quotes on that subject. It is so common a thing, in inflammations of the 
eye, to h&ve the branches of the arteries of the tunica conjunctiva continued 
on the comea, that every practical surgeon must have met with it. In some 
intances of this kind, which have come immediately under my own care, I have . 
examined these vessels with a magnifying glass, and have seen distinctly small arte- 
ries from the tunica conjunctiva, uniting on the cornea into a common trunk, 
larger than any of the branches that supplied it, and this trunk, has sent off other 
branches distributed over the comea. These vessels may, by some physiologists, 
be supposed to be continued on the lamina of the tunica conjunctiva, which is ' 
spread over the comea; this however is not the case, as they pass behind it, and 
therefore belong as much to the lamina under them as that which is over them ; 
and, in many instances of disease, vessels carrying red blood are met with in 
the substance of the cornea still deeper seated. This has been seen by Professor 
Richter,* who says, he has divided a thickened cornea, and the vessels in its sub- 
stance have poured out red blood. 

The comea is not oply capable of uniting by the first intention, inflaming, and 

• Richter, m. d., et Prof. Pub. Ordinar. Soc. Reg. Sc. Gottbg. et Ac. Reg. Sc. Suecu* Mem. ia 
Novi* Com. Soc. Reg. Gotting. T. vi. ad ana. 1 775.— Orig. 
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suppurating, but when the inflammation is carried to a great height, a portion of 
its substance is sometimes removed by ulceration, and the ulcer so formed is filled 
up by coagulating lymph, which afterwards becomes cornea, acquiring the necessary* 
property of transparency. This new formed part is weaker than the rest of the 
cornea, and commonly projects beyond it, forming one species of staphyloma ; in the 
substance of the cornea, round the basis of the staphyloma, I have frequently seen 
vessels carrying red blood- From the opinion of the cornea being devoid of life^ 
the opacities which are found to take place on it have been considered apart from 
common surgery, and entrusted to the care of men who are supposed to have made 
the diseases of the eye their particular study. . According to this theory, the opacity 
was supposed to arise frbm a film of inanimate matter laid over the cornea, and on 
that idea very acrid and irritating applications were employed with the view of 
scraping it off, or destroying it, as powdered glass, powdered sugar, &c. anject, he had met with very few real septics; 
and found many substances, commonly accounted such, of a quite opposite na- 
ture. The most general means of accelerating putrefaction is by heat, moisture, 
and stagnating air; which being sufficiently known and ascertained, he passed 
over, without making any particular experiment on those heads. Lord Bacon, 
(vide Nat. Hist. cent. iv. exper. 330 ,) as well as some of the chemists, has hinted 
at a putrid fermentation, analogous to what is found in vegetables; and this har- 
ing so near a connection with contagibn, Dr. P. made the following experiment, 
for a further illustration of this matter. 

5 . In the yolk of an egg, already putrid, a small thread was dipped, and a 
small bit of this was cut off and put into a phial, with half of the yolk of a new- 
laid egg diluted with water. The other half, with as much water, was put into 
another phial, and both being corked, were set "by the fire to putrefy. The 
result was, that the thread infected the fresh yolk, for the putrefaction was 
sooner perceived in the phial that contained it, than in the other. But this ex- 
periment was not repeated. 

In this manner the putrefaction of meat advances quicker in a confined than 
a free air; for as the most putrid parts are also the most fugitive; they incessantly 
issue from a corruptible substance, and disperse with the wind; but in a stagna- 
tion of air, they remain about the body; and by way of ferment excite it to 
corruption. 

6. As for other septics, recited by authors, Dr. P. found none of them answer 
the purpose. The alkaline salts have been considered as the chief putrefiers. 
But this is disproved by experiments. Of the volatiles it may be indeed observed, 
that though they preserve from the common marks of putrefaction, with a force 
4 times greater than that of sea-salt; yet," in warm infusions, a small quantity of 
these salts will soften and resolve the fibres, more than water does by itself. 
They also hinder the coagulation of blood, and when taken by way of medicine, 

. * An Essay on ihe Cause of Animal Heat, by J. Stevenson, m. d. Vide Medical Essays, vol. v. 

Orig. 
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thin and resolve it, but are not therefore septics. For so little do these salts 
putrefy, or even resolve the fibres, when applied dry, that he had kept, since 
the beginning of June last, notwithstanding the excessive heats, a small piece of 
flesh in a phial, preserved only with salt of hartshorn, at present perfectly sound, 
and firmer than when first salted. 

7. From the specimens he had of the antiscorbutic plants, it is likewise probable 
that none of that tribe will prove septic. Horse-raddish, one of the most acrid, 
is a very powerful antiseptic. And though carrots, turnips, garlick, onions, 
celery, cabbage, and colewort, were tried, as alcalescents, they did not hasten, 
but somewhat retarded the putrefaction. 

8. The case was different with such farinaceous vegetables as were examined, 
viz. white bread in infusion, decoctions of flour, barley, and oatmeal; for these 
did not at all retard putrefaction: but, after it was somewhat advanced, they 
checked it by turning sour. By a long digestion the acidity became considerable; 
which, by conquering the putrescency of the flesh, and generating much air, 
did not ill represent the state of weak bowels, which convert bread, and the 
mildest grains, to such an acid, as prevents a due resolution and digestion of 
animal food.* 

9. He examined cantharides, dried vipers, and Russian castor, all animal sub- 
stances, and therefore most likely to prove septic. The flies were tried both with 
fi-esh beef, and with the serum of human blood; the vipers only with the former; 
hut neither of them hastened putrefaction. And as for the castor, so far from 
promoting this process, that an infusion of 12 grs. opposed it more than the 
standard salt. 

10. After finding no septics where they were most expeoted, he discovered 
some which seemed the least likely; viz. chalk, the testacea, and common salt. 
20 grs. of crabs’-eyes prepared, were mixed with 6 drs. of ox’s gall, and as much 
■water, into another phial was put nothing but gall and w r ater, in the same quan- 
tity with the former; and both being placed in the furnace, the putrefaction 
•began much sooner where the powder was than in the other phial. He infused 
afterwards in the lamp furnace 30 grs. of prepared chalk, with the usual quantity 
of flesh and water; and observed, that the corruption not only began sooner, 
but went higher by this mixture; nay, what had never happened before, that in 
a few days the flesh resolved into a perfect mucus. The experiment was repeated 
with the same effect; which being so extraordinary, he suspected some corrosive 
substance had been mixed with the powder; but, for a trial, a lump of chalk 

* It is to be remarked that, in making this experiment. Dr. P. did not then attend to a fermenta- 
tion that eiihued, and which was the cause of the acidity. This kind of fermentation between 
animal and vegetable substances, being hitherto overlooked, is set forth in the next paper.— Orig. 
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being pouncletl, 30 grs. of it proved fully as septic as the former. The same 
powder was compared with an equal quantity of salt of wormwood, and care was 
taken to shake both the mixtures alike: but after 3 days warm digestion, the salt 
had neither tainted nor softened the flesh, while the chalk had rotted and con- 
sumed that which was joined to it. Nor were the effects less of the testaceous 
powders of the dispensary. Egg-shells in water resisted putrefaction, and pre- 
served the meat longer firm Chan plain water.* 

1 1 . To try whether the testacea would also dissolve vegetable substances, he 
infused them with barley and water, and compared this mixture with another of 
barley and water, without the testacea. After a long maceration by a fire, the 
plain water swelled the barley, became mucilaginous and sour; but that with the 
powder kept the grain to its natural. size, though it softened it, made no mucj-' 
lage, and remained sweet. 

12. Nothing could be more unexpected than to find sea-salt a hastener of pu- 
trefaction. But the fact is thus: 1 dr. of salt preserves 2 drs. of fresh beef, in 2 
oz. of water, above 30 hours, uncorrupted, in a heat equal to that of the human 
body, or, what amounts to the same, this quantity of salt keeps flesh about 20 
hours longer sweet than pure water; but dr. of salt does not preserve it above 
2 hours longer. This experiment has been already mentioned. Now he after- 
wards found, that 25 grs. have little or no antiseptic virtue; and that 10 , or 15 , 
or even 20 grs. manifestly both hasten and heighten the corruption It is 
moreover to be remarked, that in warm infusions with these smaller quantities, 
the salt, instead of hardening the flesh, as it does in a dry form, in brine, or ' 
even in solutions, such as our standard, it here softens and relaxes the texture of 
the meat, more than plain water, though much less than water with chalk, or 
the testaceous powders. 

Many inferences might be made from this experiment: but he only mentions 
one. Salt, the indispensable seasoner of animal food, has been supposed to act 
by an antiseptic quality, correcting the too great tendency of meats to putrefac- 
tion. But, since it is never taken in aliment beyond the proportion of the cor- 
rupting quantities in these experiments, it would appear that salt is subservient to 
digestion, chiefly by a septic virtue; that is, by softening and resolving meats; 
an action very different from what is commonly believed.;}; 

* The trial was made with a coarse powder of this substance, but not repeated. — Orig. 

1 «j 1 jC most putrefying quantify of salt, with this proportion of salt and water, is about 10 grs. 

— Ong. 

J According to later physiologists, salt in small quantities proves subservient to digestion, by ita 
stimulant action on the stomach ; in the same manner as spices and other kinds of seasoning do. 
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On the late Dr. Halley's Demonstration of the Analogy of the Logarithmic 

Tangents to the Meridian Line , or Sum of the Secants. By Mr. John Robert- 
son* F.R.S. N° 496, p. 559. 

Dr. Halley, in this tract, N° 219, Philos. Trans, seems to have had 2 points 
Chiefly in view, first, to prove, that the divisions of the meridian line in a Mer- 
cator’s chart, were analogous to the logarithmic tangents of the half-complements 
of the latitudes. 2dly. To find a rule by which the tables of meridional parts 
might be computed from Brigg’s, or the common logarithmic tangents. The 
former of these the Doctor has clearly and elegantly proved, but he has . given 
rather too few steps to show as clearly the investigation of the latter. 

Article 1 . If the circumference of a circle be divided into any number of equal 
parts, by as many radii ; and a line be drawn from the circumference cutting those 
radii, so that their parts intercepted between this line and the centre be in a 
continued decreasing geometric progression ; then will that intersecting line be a 
curve, called the proportional spiral, and will intersect those radii at equal angles. 
This will be evident, by supposing the radii so near to each other, that the inter- 
cepted parts of the spiral may be taken as right lines; for then there will he a 
series of similar triangles, each having an equal angle at the centre, and the sides 
about those angles proportional. 

2. The same things still supposed: the parts of the circumference of the circle 

reckoned from any one -point, may be taken as the logarithms of the ratios be- 

\ ' 

* John Robertson, r.it.s. the author of this paper, was born in the year 171$ $ and though he 
was at first placed out in a trade, yet he must soon have quitted it, as in the title Of his firet book, a 
Complete Treatise on Mensuration, in 1739* be is stiled teacher of the mathematics. In this line, 
as a private teacher, he continued several years, till in 1754 he was appointed master of the Royal 
Mathematical School in Christ’s Hospital ; in which year also he published the first edition of his 
Elements of Navigation. The year following however he left Christ’s Hospital, in consequence of 
an Admiralty appointment to be first master of the Royal Naval Academy at Portsmouth ; soon after 
which, be published his treatise on mathematical instruments. In 1766, through the petty cabals of 
the second master, he was dismissed from his situation by the first lord of the Admiralty; on which 
be returned to London, where, in the latter part of that year, or early in the next, he was appointed 
clerk and librarian to the Royal Society ; an employment which he respectably held to the time of 
bis death, in Dec. 1776, at 64 years of age. 

Besides the three publications above-mentioned, which were all excellent of their kind, particu- 
larly the navigation, and have gone through numerous editions; he had many ingenious papers in- 
serted in the Philos. Trans, from the 46th to the 60th volume, Mr. R. was a person of very honour- 
able character and conduct, being greatly respected by the more learned and best characters among 
the members of the Royal Society; on most occasions his opinions in the council were much regarded; 
and he had the honour to be one of the committee chosen to inspect and report on the government's 
powder magazine at Purfleet, concerning its damage and security from lightning. In his mode of 
teaching, and arranging the materials in his publications, he was remarkably neat and methodical; a. 
habit which he probably in some measure acquired in imitation of his good friend and master Wm, 
Jones, Esq. many of whose papers, on his demise, passed into the hands of Mr. Robertson, which 
were afterwards sold by auction, along with the valuable library of the- latter, after his death. 1 
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tween the corresponding rays of the spiral. — For those rays are a series of terms 
in a continued geometric progression; and the parts of the circumference form 
a series of terms in arithmetic progression. Now the terms of the arithmetic 
series being taken as the exponents of the corresponding terms in the geometric 
series, there will be the same relation between each geometric term and its corre- 
lative, as between numbers and their logarithms. And hence the proportional 
Spiral is also called the logarithmic spiral. 

3. That proportional spiral, which intersects its radii at angles of 45 degrees, 
produces logarithms that are of Napier’s kind. — For, if the difference between 
the first and second terms in the geometric series was indefinitely small, and the 
first division of the circumference was of the same magnitude; then may that 
part of the spiral, intercepted between the first and second radii, be taken as 
the diagonal of a square, two of whose sides are parts of those radii; therefore 
the spiral which cuts its rays at angles of 45°, has a kind of logarithms belong- 
ing to it, so related to their corresponding numbers, that the smallest variation 
between the first and second terms in the geometric series, is equal to the loga- 
rithm of the second term, a cypher being taken for the logarithm of the first. 
But of this kind are the hyperbolical logarithms, or those first made by their 
Inventor the Lord Napier: consequently the logarithms to that spiral which cuts 
its rays at angles of 45°, are of the Napierian kind. 

4. The rhumb-lines on the globe are analogous to the logarithmic spiral. — 
Fbr every oblique rhumb cuts the meridian at equal angles; and it is a property 
m. stereographic projections, that the lines in it intersecting each other, form 
angles equal to those which they represent on the sphere. Therefore a projection 
of the sphere being made on the plane of the equator, the meridians wifi become 
the radii of the equator, and the rhumbs intersecting them at equal angles, will 
become the proportional spiral. Hence, the arcs of the equator, or the differ- 
ences of longitude reckoned from the same meridian, are as the logarithms of 
those ports of the corresponding meridians, intercepted between the centre and 
rhumb-line. 

5. A sea chart being constructed 1 , in which the meridians are parallel to each 
other, and the lengths of the degrees of latitude increase inthe same proportion as 
the meridional distances decrease omthe globes, will constitute a Mercator’s chart, 
in which, besides the positions of [daces having the same proportions to each 
other, as on the globes, die rhumb Ikies will be represented by right lines.— 
For none but right fines can cut at equal angles several parallel right fines. 

6. The divisions of the meridian line on a Mercator’s chart, are the same as a 
table of the differences of longitude answering to each minute, or small differ- 
ence of latitude on the rhumb line making angles of 45° with the meridians.— 
For, in such a chart, the parallels of latitude are equal to the equator, and are- 
at right angles to the m e rid ia ns ; and therefore a rhumb of 45° cuts the merir 
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dians and parallels bf latitudes at equal angles; consequently between die inter- 
section of any meridian and parallel, and a rhumb cutting them at 45°, there 
must be equal parts of the meridian and parallel intercepted; now, on the equa- 
tor, ot parallels of latitude, are reckoned all the successive differences of longi- 
tudes-; and on the meridians the successive meridional differences of latitudes, or 
the divisions of the nautical meridian; therefore on the rhumb of 45°, the sue ■ 
cessive differences of longitude are equal to the corresponding divisions of the 
nautical meridian. 

J. The tangents of the angles which different rhumbs make with the meri- 
dians, are directly proportional to the differences of longitudes made on those 
rhumbs, when the meridional differences of latitudes are equal ; or,- are recipro- 
cally proportional to unequal meridional differences of latitudes on those rhumbs, 
when the differences of longitudes are equal. — For the meridional difference of 
latitude, is to the difference of longitude, as radius is to the tangent of the 
angle of the course, or of the angle which the rhumb makes With Hie meridian. 
Therefore, when the meridional differences of latitudes are equal, the differences 
of longitudes are as the tangents of the courses; but when the differences of 
longitudes are equal, the meridional differences of latitudes are reciprocally as 
the tangents of the courses. 

8. The logarithmic tangents of the half-complements of the latitudes, are 
analogous to the lengthened degrees in the nautical meridian line, in a Mercator’s 
chart. — 'For, in the stereographic projection of the sphere on the plane of the 
equator, the latitudes of places are projected by the half-tangents of the com- 
plements of those latitudes; which half-tangents are the rays of a proportional 
spiral. Now, if a series of successive latitudes be taken on any rhumb, the 
corresponding differences of longitudes will be logarithms to the rays of the spiral, 
or to the tangents of the half-complements of those latitudes; therefore the dif- 
ferences of longitudes are as the logarithmic tangents of the half-complements of 
the latitudes; but, art. 6, the lengthened degrees on the nautical meridian are 
as the differences of longitudes on the rhumb of 45°; consequently the loga- 
rithmic tangents of the half-complements of latitudes are as the lengthened de- 
grees on the nautical meridian. 

Carol. 1 . When the angle between the rhumb line and the meridian is equal 
to 45°, then the longitudes of places on that rhumb are expressed by logarithms 
of Napier’s kind; whose corresponding numbers are natural tangents of the 
half-complements of the latitudes to arcs expressed in parts of the radius. 

Coral. 2. Hence, to any two places on a rhumb of 45°, the difference of 
longitude, or the meridional difference of latitude, is equal to the difference of 
the Napierian logarithmic tangents of the half-complements of the latitudes of 
those places, estimated in parts Of the radius. 

Corot. 3. As there may be an indefinite variety of rhumbs, and therefore as 
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many different kinds of logarithms, consequently every species of logarithms has 
its peculiar rhumb, distinguishable by the angle it makes with the meridian : 
therefore, among these there are 2 kinds, to which the differences of longitudes 
are the differences of the logarithmic tangents of the half-complements of lati- 
tudes, estimated in minutes of -a degree; one of them belonging to Napier’s 
form of logarithmic tangents, and the other to Briggs’s, or the common loga- 
rithmic tangents. 

f). The common logarithmic tangents are a table' of the differences of longi- 
tudes to every minute of latitude, on the rhumb line making' angles with the 
meridians of 51° 38' Q v . — For, let z represent the meridional difference of lati- 
tude between 2 places on the rhumb of 45°; or its equal, the difference between 
the logarithmic tangents of the half-complements of the latitudes of those places,, 
estimated either in parts of the radius, or in minutes of a degree. Then, As 
the circumference in parts of the radius = 62831,853 &c : To the circum- 
ference in minutes of a degree 3= 21600 :: So is a meridional difference of lati- 
tude in parts of the radius — z : To a meridional difference of latitude in mi- 
nutes of a degree, = 0,34377468 &c. X z. 

Whose corresponding rhumb is different from that which z belonged to; and 
the angle which this rhumb makes with the meridian, will be found by the fol- 
lowing analogy from art. 7 •—As the meridional difference of latitude on one 
rhumb = 0,34377468 &c. z : To the meridional difference of latitude on a 
rhumb of 45°, = z :: So is the natural tangent of the rhumb of 45°, = 10000 ; 
To the natural tangent of the other rhumb, = 20088,821 &c. 

Which tangent answers to 71 ° T 42 v ; and this is the angle that the rhumb 
line makes with the meridians, on which the differences of the logarithmic tan- 
gents of the half-complements of the latitudes, in Napier’s form, are the true 
differences of longitudes estimated in sexagesimal parts of a degree. Now Na- 
pier’s logarithms being to Briggs’s, as 2,30258 &c. is to 1 ; therefore, 2,30258 
&c. : 1 :: 20088,821 &c. ; 12633,114 &c.; which is the tangent of 51° 38' 0 '';. 
and in tins angle are the meridians intersected by that rhumb, on which the dif- 
ferences of Briggs’s logarithmic tangents of the half-complements of the lati- 
tudes are the true differences of longitudes corresponding to those latifudes. 

10 . The difference between Briggs’s logarithmic tangents of the half-comple- 
ments of the latitudes of any two places, is to the meridional difference of lati- 
tude in minutes between those places, in the constant ratio of 1263,3 &c. to 1 ; 
or of 1 to 0,0007015704 &c. — For Briggs’s logarithmic tangents are as the dif- 
ferences of longitudes on the rhumb (a) of 51° 38 v 0'*'; whose natural tangent is 
1263,3 &c. 

The nautical meridian is a scale of longitudes on the rhumb (b) of 45°, by 
art. 6 , whose tangent being equal to the radius, may be expressed by unity. And, 
the differences of longitude to equal differences of latitudes on different rhumbs. 
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bang to each other as the tangents of the angles those rhumbs make with the 
meridians. Therefore, as the tangent of a (51° 38' Q*) = 1,2633 &c : To the 
tangent of b (45°) = 1,0000 : So is the difference of longitudes on a, or the 
difference between the logarithmic tangents of the half co-latitudes of two places : 
To the difference of longitudes on b, or the meridional difference of latitudes of 
those places. i 

And hence arise the rules which are given in nautical works, for finding the 
meridional parts by a table of common logarithmic tangents. 

This curious discovery of Dr. Halley’s, joined to that excellent thought of his, 
of delineating the lines, showing the variation of the compass, on the nautical 
chart, are some of the very few useful additions made to the art of navigation 
within the last 150 years; for if, beside these, we except the labours <?f that in- 
genious artist ' Mr. Richard Norwood, who improved the art by adding to it the 
manner of sailing in a current, and by finding the measure of a degree on a 
great circle, the theory of navigation will be found nearly in the same state in 
which it was left by that eminent mathematician Mr. Edward Wright; .who, 
about the year l600, published the principles on which the true nautical art is 
founded; and showed, what does not appear to have been known before, howto 
estimate a ship’s true place at sea, as well in longitude as in latitude, by the use 
of a table of meridional parts, first made by himself, and constructed by the 
constant addition of the secants, and which differs almost insensibly from such a 
table made on Dr. Halley’s principles, contained in the preceding articles. 

Mr. R. concludes this discourse with an article which, though it be somewhaf 
foreign to the preceding subject, yet, as it was discovered while he was contem- 
plating some part of it, and perhaps is not exhibited in the same view by others, 
it is annexed in this place; which is, to demonstrate this common logarithmic 
property, that the fluxion of a number divided by that number, is equal to the. 
fluxion of the Napierian logarithm of that number. 

Let beg be a logarithmic spiral, cutting its 
rays at angles of 45°: then, if ae be taken as a 
number, bc will be its Napierian or hyperbolic 
logarithm. Also, let cd express the fluxion of 
the logarithm bc ; then the corresponding 
fluxion of the number ae, will be represented 
by fg, or its equal fe; as the angles feg and 
fge are equal. Now, ac : cd :: ae : (ef =) fg: 

Therefore cu = — X ab. And if ab be taken 

A £ 

as the unit, or term from whence the numbers- 
begin:, then cd = — . a. e. d. 





9* MlWWMBiAt TftAJr0AC¥t6KI. [amNO 17&0» 

Observation of the Total Lunar Eclipse, June IQ, 1750, n.j; at Wktember 
By G. M. Bose, Prof, of Philos. N° 4Q6 t p. 570. * 

The end of the shadow, by corrected time, as follows : 

ll h 40 m 37 s End according to Mr. Bose himself. 

45 17.... according to a friend. 

40 30 .... by the projection of a friend. 

39 38 .... by the corrected calendar of Leipdc. 

39 1 1 .... by the Connoisance des temps. 

39 46 .... by the Ephemeris of Maniredi. 

On the Heat of the Weather at Tooting, in July and September last. [1750] 
By the Rev. Henry Miles, F.R.S ., D. D. N° 496, p. 571. 

The morning at 4, July 11, had nothing remarkable : at 2 p.m. the heavens 
mostly clear, and no indications of a storm ; the barometer having fallen but 
inch since 4 a.m. it then stood at 30, 20. the thermometer at 374, and before 
3 p.m. at 884, which is the hottest temperature of the air he ever knew. At 4 
p.m. was very distant thunder ; soon after it came a little nearer, and was one 
continued murmur, without any perceivable intermission for great part of an 
hour : the lightning accompanying it, not much. The wind was nearly s.w. 
and dark clouds passed by on each side till they united in the n. forming one of 
the blackest clouds he ever saw, over the city, as near as he could guess. They 
had not one drop of rain, nor did there fall either rain or hail for near 3 miles to 
the n. of the place towards London : a few hail-stones it seems fell in some parts 
of Clapham. 

The barometer fell little, and the thermometer no more than usual at that 
time of the evening. Mr. Canton writes that liis thermometer in Spital square 
(of the same construction, and kept too in the open air) fell no less than 17 
degrees. 

At 4 a.m. Sept. 2, the wind being easterly, and blowing strong accompanied 
with several short showers of rain, the barometer being at 29.97, the thermo- 
meter abroad stood at 6l : a degree of heat exceeding any he had taken notice of 
during the whole summer at that time of the morning. 

On the Hot Weather in July \y 50, dated Norwich July 23. By Mr. Wm. Arderon , 

F. R. S. N° 496, p. 573. 

For 12 days past, the weather was at Norwich the most excessive ever known. 
The beginning of this heat was on July 8th 5 when, though die whole day was 
cloudy, the ground was so uncommonly hot, that Mr. A. could not bear to walk 
on it long together without much uneasiness ; and many others were sensible ok' 


Digitized by ^.ooQie 


rmrosorRtCAL transactions. 


95 


rou xirt.j 

the same inconvenience. On the 11th, -which was the hottest day of all, the 
thermometer in the sun’s rays stood 1 1° above the heat of human blood ; and in 
the shade only 8® below it The distance between freezing and the heat of hu- 
man blood being divided into 100 parts. An inch of tallow, of an inch in 
diameter, liquefied in the sun in less than 30 minutes. A piece of resin, -fo of 
an inch in diameter, became so soft as to be liable to take any impression in the 
same time. 

About 3 o’clock in the afternoon, when the sky is dear, is the hottest part of 
the day ; but clouds mostly came on about that time on these days. 

Several horses dropped down dead under their masters, overcome by this violent 
beat. 

A Total Eclipse of the Moon, observed Dec. 2, 1750, in the Morning in the 
Strand , London, about 5* of Time West of St. Paul's, and 27 s West of the 
Royal Observatory at Greenwich. By Dr. Bevis and Mr. James Short, F.R.S. 

N° 496, p. 575. 

A sensible penumbra (Dec. 1) at ... . l6 h 32 ra O* 


The eclipse judged to begin at 16 36 50 

Total immersion at 17 36 5 

The moon begins to emerge 10 14 33 


The moon was now got so low, and day-light so tar advanced, that no more 
phases could be observed with any degree of certainty. These observations were 
made with a reflecting telescope, that magnified 40 times, and a refracting tele- 
scope, which magnified 12 times , and the times were the same through these 2 
telescopes ; for the air was exceedingly clear, and the shadow well defined, the 
penumbra being scarcely sensible. 

Here follows a computation, made from Dr. Halley’s tables, by Mr. John 
Catlin, of Guy’s hospital ; and sent to Mr. Short the day before the eclipse. 
Beginning of the moon’s eclipse. (Dec. l) . . . l 6 * 44 m 31* 

Immersion at 17 42 45 

Emersion at 19 20 87 

End at 20 18 51 

Henee it appears, that the eclipse b^gan about 8 minutes sooner than the com- 
putation from Dr. Halley’s tables gave it; but the computation which Mr. Brent 
made and published some time before the eclipse happened, was within a minute 
of the time observed ; and this exactness he imputes to his leaving out 3 of the 
7 eqmationsof the moon, published by Sir Isaac Newton in his theory of the moon. 

An Account of some Experiments , made by Benjamin Robins, Esq. F.R.S. , Mr. 

Samuel Da Costa, and several other Gentlemen, m order to discover ike Height 
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. io which Rockets may be made to ascend, and to what Distance their Light 

may be seen. By Mr. John Ellicott, F.R.S. N° 496, p.578. 

Soon after the exhibition of the fire-works in the Green Park, on occasion of 
the late peace, Mr. Robins communicated to the Society an account of the height 
to which several of the rockets there fired were observed to rise. In this account, 
after having given a short description of the instrument with which the heights 
were measured, he observes, that the customary height to which the single or 
honorary rockets, as they are styled, ascended, was about 465 yards : that 3 
of them rose to about 550 yards ; and the greatest height of any of those fired in 
the grand girandole was about 600 yards. He further observed, that supposing t 
rockets are made to ascend 600 yards, or more than a third of a mile, it follows, 
that if their light be sufficiently strong, and the air not hazy, they may be seen 
in a level country at above 50 miles distance ; and that, from the nature of the 
composition, and the usual imperfect manner of forming them, he was of opi- 
nion that rockets were capable of being greatly improved, and made to reach 
much greater distances. 

Mr. Robins not having been able to obtain any certain account to what dis- 
tance any of these rockets were actually seen, and considering the great use that 
might be made of rockets in determining the position of distant places, and in 
giving signals for naval and military purposes, he resolved to order some rockets 
to be fired at an appointed time, and to desire some of his friends to look out for 
them at several very distant places. The places fixed on for this purpose, were, 
Godmarsham in Kent, about 50 miles distant from London; Beacon-hill on 
Tiptery-heath in Essex, at about 40 miles ; and Barkway, on the borders of Hert- 
fordshire, about 33 miles from London. 

Mr. Robins accordingly ordered some rockets to be made bya person many year* 
employed in the royal Laboratory at Woolwich ; to which some gentlemen, who 
had been informed of Mr. Robins’s intentions, added some others of their own 
making. The 27 th of September, 1749, at 8 in the evening, was the time ap- 
pointed for the firing of them ; but, through the negligenoe of the engineer, 
they were not let off till above half an hour after the time agreed on. There 
were in all a dozen rockets fired from London-field at Hackney ; and the heights 
were measured by Mr. Canton, Mr. Robins being present, at the distance of 
about 1200 yards from the post from whence the rockets were fired. The great- 
est part of them did not rise to above 400 yards ; one to about 500,’ and one to 
600 yards nearly. 

A letter received the next day from the Rev. Dr. Mason, of Trinity college, 
Cambridge, who had undertaken to look out for them from Barkway on the 
borders of Hertfordshire, informed, that he plainly saw 4 rise, turn, and spread; 

1 


Digitized by ^.ooQie 


VOL. XL VI.] PHILOSOPHICAL TRANSACTIONS. 97 

He judged they rose about one degree above the horizon, and that their lights 
were strong enough to have been seen much farther. 

From Essex Mr. R. was informed, that the persons on Tiptery-heath saw 8 or 
9 rockets very distinctly, at about half an hour past 8 ; and greatly to the east- 
ward of these 5 or 6 more. The gentlemen from Godmarsham in Kent having 
waited till above half an hour past 8, without being able to discern any rockets, 
they fired half a dozen; which, from the bearings of the places, were most pro- 
bably those seen to the eastward by the persons, on Tiptery-heath ; and if the 
situations, as laid down in the common maps are to be depended on, at about 35 
miles distance. 

The engineer being of opinion that he could make some rockets, of the same 
size as the former, that should rise much higher,, Mr. Robins directed him to 
make half a dozen. These last were fired the 12th of October following, from 
the same place, and in general they rose nearly to the same heights with the 
foregoing ; excepting one which was observed to rise 690 yards. The evening 
proved very hazy, which rendered it impossible for them to be seen to any consi- 
derable distance. 

Among some rockets fired in the last spring, there were two made by Mr. da 
Costa of about 3-J- inches diameter, which were observed to rise, the one to about. 
833, the other to 915 yards. At a second trial, made some time after, there 
was one made by Mr. da Costa, of 4 inches diameter, which rose to 1190 yards. 
The last trial was made the latter end of April 1750, when 28 rockets were fired 
in all, made by different persons, and of different sizes, from 14. inch diameter 
to 4 inches; the most remarkable of each size were as follows : one of 1-j- inch 
rose to 743 yards ; one of 2 inches to 659 ; one of 1\ inches to 880 ; another 
of the same size, which rose to 1071 ; one of 3 inches to 1254 ; one of 3.$. 
inches to 1109; and one of 2 inches, which, after having risen to near 700 
yards, turned, and fell very near the ground before it went out. These were all 
made by Mr. da Costa. Besides these, there was one of the rockets of 24- inches 
in diameter, which rose to 784 yards, and another made by Mr. Banks of the 
same size to 833. 

After allowing for possible errors, it still appears certain that several of these 
rockets rose to 1000 yards, one to 1 100, and another to 1200 yards, or double 
of any of those fired in the Green Park. 

Several Papers concerning a new Semi-metal, called Platina. Communicated La- 
the R.S. by Mr. Wm. Watson ,* F.R.S. N° 496, p. 584. 

* As this appears to have been the first printed account of this new metal, it has been judged tb- 
be due to the memory of those who commumcated.it to reprint it nearly in the original form. 
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Extract of a Letter from William Brownrigg , M.D., F. R. S. to Wm. Watson , 
F.R.S. Dated Whitehaven, Dec. 5, 1750. p. 584. 

Dr. B. here communicates an account of a semi-metal called platina di Pinto ; 
which, so far as he knew, had not been taken notice of by any writer on mine- 
rals. Presuming therefore that the subject was new, he requested the favour to 
have this account laid before the r.s. The experiments related Were several of 
them made by a friend, whose exactness in performing them, and veracity in 
relating them, he could rely on : however, for greater certainty, he should him- 
self repeat them. > 

Memoirs of a Semi-metal called Platina di Pinto, found in the Spanish West 

Indies, p. 585. 

Though the history of minerals, and other fossil substances, has been dili- 
gently cultivated, especially by the modems ; yet it must be acknowledged, that 
among the vast variety of bodies which are the objects of that science, there still 
remains room for new inquiries. 

Gold is usually esteemed the most ponderous of bodies; and yet he had seen, 
in the possession of the late professor Gravesande, a metalline substance, 
brought from the East Indies, that was specifically heavier than gold, by at least 
a 20th part.* Mercury, next to gold, is commonly said to be the heaviest 
body; yet mercury was greatly exceeded in specific gravity by a semi-metal -f- 
brought from the West Indies, of which he had presented specimens to the R.s. 
This semi-metal seems more particularly to deserve attention, as it is endued 
w ith some very singular qualities, which plainly demonstrate that certain general 
theorems, though long established, and universally received by the metallurgist, 
yet do not hold true in all cases, and ought not to be admitted into their arts, 
without proper limitations and restrictions. For instance, that gold and silver 
may be purified from all heterogeneous substances by coppellation, is a proposition 
that all assayers and refiners have long thought true and undeniable; yet this 
proposition ought not to be received by those artificers, without an exception to 
the semi-metal here treated of; since, like those nobler metals, it resists the 
power of fire, and the destructive force of lead in that operation. 

This semi-metal was first presented to him (Dr. Brownrigg) about 9 years pre- 

* Tins metalline substance, in the possession of Gravesande, though brought from the East In- 
dies, (indirectly from commercial intercourse by the Spaniards with South America) was probably 
the very metal here treated of, viz. platina (now called platinum), of whioh the specific gravity in its 
purest state is 23.000, while that of gold is only 19.3. 

f Wrongly termed a semi-metal, but at that time taken for such, as the means of reducing it to a 
reguline and malleable state were then unknown. 
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ceding the above date, by Mr. Charles Wood, a shitful and inquisitive metallur- 
gist, who met with it in Jamaica, whither it had been brought from Carthagena 
in New Spain. And the saiqe gentleman had gratified Dr. B.’s curiosity, by. 
making further inquiries concerning this body. It is found in considerable quan- 
tities in. the Spanish West Indies, and is there known by the name of platina di 
Pinto. The Spaniards probably call it platina, from the resemblance in colour 
that it bears to silver. It is bright and shining, and of a uniform texture ; it 
takes a fine polish, and is not subject to tarnish or rust ; it is extremely hard and 
compact; but tike Bath-metal,, or cast iron, brittle, and cannot be extended 
under the hammer.* 

The Spaniards do not dig it in the form of ore, but find it in dust, or small 
grains, as were herewith presented to the r.s. Whether they gather it in a. 
pretty pure state, 36 brought to us, or wash it, like gold-dust, from among sand, 
and other lighter substances, was to him- unknown : however, it is seldom col- 
lected perfectly pure ; since, among several parcels of it that he had seen, he 
constantly observed a large mixture of a shining black sand, such as is found on 
the shores of Virginia and Jamaica, which » a rich iron ore, and answers to the* 
magnet. It has also usually mixed with it some few shining particles of a golden 
colour, which seem to be a substance of a different nature. 

It is very probable that there is great plenty of this semi-metal in the Spanish; 
West Indies; since trinkets made of it are there very common. A gentleman 
of Jamaica bought A lb. of it at Carthagena for less than ha weight of silver ; and 
it was formerly sold for a much lower price. 

When exposed by itself to the fibe, either in grains^ or in larger pieces, it is 
of extreme difficult fusion ; and has been kept for 2 hours in an air-fttmace, in 
a heat that would run down cast iron in 15 minutes: which great heat it endured 
without being melted or wasted ; neither could it be brought to fuse in this heat, 
by adding to it borax, and other saline fluxes. But the Spaniards have a way of 
melting it down, either alone, or by means of some flux ; and cast it into sword- 
hilts, buckles, snuff-boxes, and other utensils. 

When exposed to a proper degree of fire, with lead, silver, gold, copper, or 
tin, it readily melts, and incorporates with these metals ; rendering the mixture, 
like itself, extremely hard and brittle. 

Haring been melted in an assay-furnace, on a test with lead, and with it ex- 
posed to a great fire for 3 hours, till all the lead was wrought off, the platina was 
afterwards found remaining at the bottom of the test, without having suffered 
any alteration or diminution by this operation. 

A piece of platina was put into strong and pure aqua fortis, and with it placed 

* Not in iti native or crude state j but when properly purified, it may be extended under the hammer. 
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in a sand-heat for 12 hours: the platina,' when taken out of the aqua fortis, was 
.found of the same weight as when put into it ; being in nowise dissolved or cor- 
roded by that menstruum. 

It had been reported, that this semi-metal was specifically heavier than gold ; * 
but having weighed several pieces of it hydrostatically in a nice assay-balance, he* 
found one of these pieces was to that of water exactly as 15 to 1. Another piece,, 
that seemed to be cast very open and porous, he found in gravity to water only 
as 13.01 to 1 : though this last-mentioned piece, could it have endured the- ham- 
mer as well as gold, might probably have been reduced to a considerably greater 
degree of solidity than that of the first-mentioned specimen. For the purest gold 
is seldom found, after fusion, to come up to its true specific weight, till it has 
been brought up to its greatest degree of solidity under the hammer. 

He also weighed an equal mixture of gold and platina, which he found nearly 
as ponderous as gold itself; the specific weight of this mixture being' to that of 
water as 19 to 1. 

It had been reported, that the Spaniards had sometimes been tempted to adul- 
terate gold with platina, as the mixture could not be distinguished from true; 
gold by all the ordinary trials: but the' gold thus adulterated was, on a nicer 
examination, found hard and brittle, and could not be separated from the platina,. 
and rendered ductile and pure, either by cementation, or by the more ordinary 
operations with lead and antimony. In order therefore to prevent this fraud, ther 
king of Spain commanded that the mines of platina should be stopped up-;, so. 
that this semi-metal is now much scarcer than formerly. 

From the foregoing account it appears, that no known body approaches nearer 
to the nature of gold, in its most essential properties of fixedness and solidity,, 
than the semi-metal here treated of ; and that it also bears a great resemblance 
to gold in other particulars. Some alchemists have thought that gold differed- 
from other metals in nothing so much as in its specific gravity ; and that,, if 
they could obtain a body that had the specific weight of gold, they could easily 
give it all the other qualities of that metal. Let them try their art on this body;, 
which, if it can be made as ductile as gold, will not easily be distinguished from 
gold itself. 

On the whole, this semi-metal seems a very singular body, that merits . an 
exacter inquiry into its nature than has yet been made; since it is not altogether 
Improbable that, like the magnet, iron, antimony, mercury, and other metallic 
substances, it may be endowed with some peculiar qualities, that may render it 
of singular use and importance to mankind. 

• When thoroughly purified, it is specifically heavier than gold,, weighing 25.000; whereas the 
specific gravity of gold is only 19.3. 
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The 3d communication on this interesting subject is from Mr. Watson, wh© 
says, that this platina di Pinto is likewise called in America, Juan Blanco. It is 
not mentioned in any author he has met with, except Don Antonio d’Ulloa, who, 
in the History of his Voyage to South America, vol. ii. b. 6 , ch. 10, which he 
has here extracted, and translated from the Spanish, when giving an account of 
the gold and silver mines in the province of Quito, and of the various methods 
of separating these metals from other substances, with which they are combined, 

says, that “ in the territory of Choco there are gold mines, in which that 

metal is so disguised and enveloped with other mineral substances, juices, and 
stones, that, for their separation from the. gold, they are obliged to use quick- 
silver. Sometimes they find mineral substances, which, from their being mixed 
with platina, they chuse to neglect. This platina is a stone (piedra) of such re- 
sistance, that it is not easily broken by a blow on an anvil. It is not subdued by 
calcination; and it is veiy difficult to extract the metal it contains even with much 
labour anil expence.” 

In the before-mentioned work, ch. 11, the same author, .when speaking of 
the remaining works of the Indians of old, says, “ the specula wrought out of 
stones, which are found in the places of worship of the Indians, are of 2 kinds, 
in regard to the matter of which they are made : one of these is called piedra de 
Inga, the other piedra de Gallinazo. The first of these is smooth, of a leaden 
colour, and not transparent ; they are usually found wrought of a circular figure: 
one of the surfaces is plain, and as smooth as though it were made of a kind of 
crystal; the other surface is oval, or rather somewhat spherical, and not so much 
burnished as the plain one. Though they vary in their size, they are commonly 
from 3 to 4 inches in diameter ; but he has seen one that was a foot and a half 
in diameter. Its principal surface was concave, and much augmented the size 
of objects, for its polish was in as great perfection as though it had been worked 
by a dextrous artist in these times.” 

« This stone has certain veins, or hair-like appearances, on its surface ; by 
which it is rendered less fit for a speculum, aud is apt to break in these veins in 
receiving any blow. Many are persuaded, or at least suspect, that the matter of 
these is a cast composition; and though there are some appearances of this being 
so, they are not sufficiently convincing. In this country there are gullies (que- 
bradas) where the mineral of them is found rough, and from whence some are 
always taken ; but these are not now wrought for those purposes for which here- 
tofore • they were employed by the Indians : but this is no reason but that some 
of them may have been cast, as with the same material taken out of the mine, 
they may have been made artificially, and thereby have received a greater degree 
of perfection, as well in their quality as in their figure.” He says further,. “ that 
though at present these, as well as several other things found there ; are but of 
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small value, yet they are extremely curious, and worthy to be esteemed, as well 
for their great antiquity, as for their being the performances of those barbarous 
people.” ' 

Some of these piedras de Inga Mr. W. laid before the Society, both in their 
rough and in their polished state. They were brought hither with several other 
curiosities from America, by Den Pedro Maldonado, and were presented by him 
to the president, who was pleased to put them into his hands. They are doubt- 
less of a metalline substance, and have, in his opinion, evident marks of having 
been fused and cast. They very much resemble, as will be seen by comparing 
them, the platina before mentioned : and- though they, are called (piedras) stones 
by Don Antonio d’Ulloa, he likewise gives the same appellation to the platina. 
He cannot therefore help recommending to some curious metallurgist of the So- 
ciety to make the experiment, whether, when the piedras de Inga are, by a 
proper process, divested of their stony and other heterogeneous parts, the metals 
line residuum will not resemble, as well in specific gravity, as in other properties, 
the purified platina. 

Hie fourth communication on this subject is from M. da Costa, who states 
that in Jan. 1742-3, there were brought from Jamaica, in a Man of War, se- 
veral bars (as thought) of gold, consigned from different merchants of that island, 
to their different correspondents here, as bars of gold. These bars had the same 
specific gravity, or rather more than gold, and were exactly like that metal in 
colour, grain, 8 cc. A piece of one of these counterfeit bars was sent to the 
mint to be tested, and it was found to be 21 carats 3 grs. worse than standard. 

The 5th communication is an extract of a letter from Wm. Brown rigg, u.n., 
f.r.s. to Wm. Watson, f.r.s., containing some further experiments on the pla- 
tina. Dated Whitehaven, Feb. 13, 1750. Wherein he thanks Mr. Watson 
for his trouble in presenting his specimen of platina to the R.9., together with 
his memoir relating to it ; and he further thanks him for the addition made to it 
of the extract from Don d’Ulloa’s Voyage. . 

The gentleman, whose experiments on platina Dr. B. mentioned to the k. s., 
was Mr. Charles Wood, who permitted him to make what use of them he 
pleased ; and lie did not pretend to have made any new discovery, nor to know 
so much of that body, as had long been known to the Spaniards. 

The chief thing about which he had any difficulty, was what had bean asserted 
of the platina’s resisting the force of lead in coppellation. This experiment he 
had tried, therefore, by adding to 26 . grs. of platina, 16 times its weight of pure 
lead, that he had reduced from litharge. To the lead put into a eeppel, and 
placed in a proper furnace, as soon as it was melted he added the platina, which 
m a short time was dissolved in the lead. After the lead was all wrought o#i 
there remained at the bottom of the coppel a pellet of platina, which he found t» 
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weigh only 21 grs. ; so that, in this operation, the platina had lost near a 5th 
part of its weight. 

According therefore to this experiment, the platina does not wholly resist the 
force of lead in coppellation ; but, by repeated operations of that kind with larger 
quantities of lead, may probably all be destroyed : and by such repeated eoppella- 
tions, gold and silver may very likely be refined from it; though what was before 
asserted may hold pretty true, with regard to the common coppellations of the 
sssayers and refiners. 

Mr. Wood said, that, in his experiment, he thought the platina rather gained 
than lost in weight by coppellation. This might happen from some small mixture 
of lead, or other metal continuing with it after it remained no longer fused. 

From this single experiment Dr. B. would not be quite positive that lead thus 
consumes some small quantity of platina, since it was possible the platina used 
might not be pure. Besides, in order to keep it longer in fusion, he urged on 
. the experiment with an uncommon degree of heat, especially towards the end of 
the operation ; though he thought no great error could thence arise ; as 4. dr. 
of silver, which he coppelled at the same time, had lost only 2 grs. in the operation. 

He was told that one Mr. Ord, formerly a factor to the South Sea Company, 
took in payment from some Spaniards, gold to the value of 5001. sterling, which 
being mixed with platina, was so brittle that he could not dispose of it, neither 
could he get it refined in London, so that it was quite useless to him ; though* 
if no error has been committed in the above-mentioned experiments, it might 
probably have been rendered pure by a much larger dose of lead than is usually 
employed for that purpose. 

To his memoir he might have added, that attempting to cleanse a parcel of 
the native platina from the black sand, with which it was mixed, he found that 
a great many of its grains were attracted by the magnet he made use of for that 
purpose. This circumstance he took notice of in a letter to Lord Lonsdale two* 
years before.* 

Of a very Large Human Calculus. By William Heberden , M. £). F. R. 

N° 496, p. 596. 

There is preserved in the library of Trinity College, Cambridge, a stone taken? 

* A most ingeriooi and complete set of experiments was made on platina between 3 and 4 year* 
afterwards by Dr. Lewis. These experiments a reinserted in the 48th and 50th vob. of the Phil. Trans*. 
Since then it has occupied the attention of the Erst chemists in this and other countries; and lately Dr*. 
Wollaston (Phil. Trans, for 1804 and 1805) has shown that these are 2 or a distinct metallic sub- 
atances contained in the ores of platina. 

-t This eminent physician, as we are informed in his life prefixed to the Commentaries on the* 
History and Cow of J>iscases, was born in 17 16, to London, where he received the early part 
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from a human bladder, which for its uncommon size may deserve the notice of 
this Society. It is of an oval shape, flatted on one side, and its surface is smooth. 
The specific gravity plainly shews that it is of animal origin, its weight being to 
that of water, only as 1.75 to 1. It was taken from the wife of Thomas Raisin, 
locksmith in Bury, after her death, by Mr. Gutteridge, a surgeon of Norwich. 
She had felt much less pain than might have been expected from so large a 
stone; and might probably have lived much longer with it, had she not thought 
herself well enough to attempt a journey on horseback ; for while riding she was 
suddenly seized with violent pains, that obliged her to be taken off the horse 

education. (< In 1724 he was sent to St. John's College, Cambridge, of which he was afterwards 
elected a fellow. From that time he directed his attention to the study of medicine, which he pur- 
cued partly at Cambridge and partly in London. Having taken his degree of m. d. he practised in 
the university for about 10 years, and during that time read every* year a course of lectures on the 
Mat. Med. In 1746, he became a fellow of the Royal College of Physicians, and 2 years after- 
wards leaving Cambridge, he settled in London and was elected r. r. s. He very soon got into 
great business, which he followed with unremitting attention above 30 years, till it seemed prudent 
to withdraws little from the fatigues of his profession. He therefore purchased a house at Windsor, 
co which he used ever afterwards to retire during some of the summer months $ but returned to Lon- 
don in the winter, and still continued to visit the sick for many years. In 1/66 he recommended 
to the College of Physicians the first design of the Medical Transactions, in which he proposed to 
collect together such observations as might have occurred to any of their body, and were likely to 
illustrate the history or cure of diseases. The plan was soon adopted, and 3 vols. have successively 
been laid before the public. In 1778 the Royal Society of Medicine in Paris chose him into the 
number of their associates.” Besides his Commentaries on Diseases published after his death. Dr. H. 
«rr jte several papers in the Medical Transactions, and others, in addition to the above, in the Phil. 
Trans. He was the first who gave a clear and satisfactory account of that painful thoracic disease, 
called angina pectoris. He died in 1801, when he was in his fllst year. 

Dr. H. possessed a liberal and enlightened mind, a sound and accurate judgment, a refined and 
classical taste, and was endeared to all who knew him by the rectitude of his moral conduct, and 
an uniform complacency of disposition. 

As a medical writer he ranks with the most eminent physicians which this country has ever pro- 
duced. In his Commentaries on Diseases, written and printed separately both in English and Latin — 
in Latin which for classical purity may be compared to the latinity of Celsbs himself — he has de- 
scribed with a precision and fidelity which have never been surpassed the histories of morbid af- 
fections 5 and with a candour worthy of imitation, has told what modes of treatment be bad found, 
after long experience and diligent observation, to be beneficial and hurtful in each ; thus bequeathing 
to posterity a work replete with practical truths, unmixed with theoretical reflexions. It may, 
however, be remarked that he seems to have been too much prejudiced against chemical medicines ; 
and that having been disappointed in his trials of some reputed remedies in certain obstinate dis- 
orders, he was too much inclined to doubt the possibility of their cure being effected by any kind of 
medicines $ thus throwing a damp on further remedial exertions. We readily admit that medical 
enthusiasm has often proved disgraceful to the art $ on the other hand, we think that medical scep- 
ticism may be carried to an improper length. Because there are diseases which have hitherto re- 
sisted the action of various and even opposite remedies, we are not therefore to conclude that it is 
hopeless to make further curative efforts. So long as the organization of parts essential to life re- 
mains undestroyed, we ought not to despair. Nature has furnished a copious stock of medicinal 
agents. It will require ages to exhaust them all. 
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immediately : after which she could never make water, unless the stone was first 
moved, and she continued in great agonies till she died. This monstrous stone 
weighs 33 oz. 3 drs. 36 grs. Troy. There appears to have been at least -t- oz. 
broken off, to examine its internal structure ; not to mention what it must have 
lost by mere wear in 80 years. 

We are told, that they have in the hospitals of Paris, human calculi weighing 
34 Paris oz. but this in Trinity library, even at present, weighs 34 Paris oz. 
Wanting 9 grs. and must have weighed considerably more when it was whole. 
Yet these are perhaps the heaviest that are any where recorded; except that very 
extraordinary one mentioned by Dr. Lister, in his journey to Paris, p. 232 ; 
which he says was taken from a monk, a . d . 1690, and weighs 51 oz. 

This history may confirm to us the usefulness of endeavouring to relieve the 
violence of pain in this distemper, by altering the position of the stone in the 
bladder, either with the help of the catheter, or by some proper alteration in the 
posture of the patient ; since, with respect to the pain which it occasions, the 
situation of the stone appears to be of far more consequence than its size. 

't 

Of a Nondescript Petrified Insect.* By the Rev. Charles Lyttelton, LL. D. and 
F. R. S., Dean of Exeter. N° 496, p. 598. 

The curious fossil now exhibited to the society is as rare as its figure is elegant; 
having never been mentioned by any of our own writers who treat on fossils, and 
but very imperfectly described by foreign lithographists. Dr. L. discovered a 
single specimen of it fig. 9, 10, H, pi. 1, last year, in the limestone pits at 
Dudley in Worcestershire; and very lately a large mass of limestone (plate 2,) 
full of them in the same pkc? ; both which are now submitted to the inspection 
of this learned body, who are best able to determine to what class of the animal 
kingdom it properly belongs. 

Addenda to the preceding paper. Extract of a letter from the Rev. Dr. Lyt- 
telton to C. Mortimer, Sec. R. S. — The Rev. Dr. Shaw, of Oxford, has pro- 
cured a specimen of the extended eruca. As the fossilists differed in their opinion 
of this Dudley fossil, some pronouncing it an entca, others a bivalve, he thought 
it best to leave the Teader to judge for himself from the engravings ; but, as 
we are now able to add a specimen of this fossil in an extended position, there is 
a better pretence to call it an eruca. See fig. 12, 13, 14, pi. 1. 

* The animal itself is as jet undiscovered in its recent state. It seems to be a species either of 
Oniscus or Monoculus. The fossil is the Entomolithu* paradoxus of Linnaeus. 
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Sortie JUrther Account of the befbre-mentioned Dudley Fossil. By the Editor of 
these Transactions, Dr. C. Mortimer. N° 496, p. 000. 

The Rev. Dr. Pocock, f. r. s. sent several specimens of this fossil to the pre- 
sident ; who put them into Dr. M.’s hands, and desired, him to draw up an so 
count of them to be annexed to the preceding paper. 

The first specimen is a mass of stone containing the face and eyes, with aor*© 
rudiments of legs on the sides ; but the back is entirely broken away. Another 
specimen contains the head only : a third, the head, and part of the back, but 
greatly distorted. But the most beautiful and complete are the 1 which are ex- 
hibited in pi. 1, at fig. 15, 16,, 17, 18. 

At fig. 9, is one of these insects completely extended at its whole length ? 
where it appears, that the head is covered with a shell or crust consisting of 3. 
parts ; the middle part a, is broad and round ; which he therefore calls the 
pose : the 2 side pieces are of a triangular form, bb, in each of which is si- 
tuated a large protuberant, eye, cc. The anterior part of the whole is encom- 
passed by a round border, ddd, which looks like an upper lip; though he does 
not take it to be so ; but that the mouth b situated lower down, as in the crab- 
kind, and does not appear in any of the specimens yet seen. On' each side the 
crown of the head, towards the back part of it, are two small knobs, ee. At 
ff, in fig. 16, appear some traces of feet, which seem to lie under the belly: but 
as the belly, or under side, was not distinct, not being cleared from its stony, 
and earthy matter, he could not discern any other legs. 

Most likely the whole back of this creature, when alive, was covered with a 
case, or undivided elytrum, as is the scolopendra aquatica scutata, described in 
these transactions, n. 447, by M. Klein, of Dantzic ; and afterwards by the 
Rev. Mr. Littleton Brown, both worthy members of this society. M. Klein 
says the case was whole ; and that he was forced to slit it open to shew the back 
underneath ; when it appears, that the body was trilobated, as in fig. 15. The. 
case, being very thin and tender, may probably have been broken off at the 
death of the animal, before its being petrified. 

Mr. Brown does not mention in his insect the property of roHing itself up, 
which this certainly had ; as appears by several of the figures, as fig. 9, 10, 11, 
13, 17, and 18, which are entirely rolled dp ; and as is more particularly repre- 
sented by fig. 17 and 18, in which it appears, that the tail is turned up under 
the belly quite to the mouth; and at fig. 1.4 the creature seems hut half 
rolled up. 

Dr. M. consulted all the books he could meet with, which give figures of in- 
sects and crustaceous animals in their natural and petrified states ; but finds none 
resemble this Dudley fossil so near as M. Klein’s insect ; therefore till more in- 
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(formation is got, ha calk it, sootopenctoe aquatic* scutate affine animal pe- 
tri factum. 

The Description and Figures of a small flat Spheroidal Stone, having Lines 

formed on it. By C. Mortimer, M. D., and Sect. R. S. N° 496, p. 602. 

Mr. Peter Collinson produced, at a meeting of the a. s. oh Nov. 8, 1750, a 
very curious spheroidal stone, about 4 inches diameter, of a chocolate colour, 
marked with 4 white lines, about the breadth of a horse-hair, encompassing the 
whole stone, like the meridians on a globe ; but, instead of crossing one another 
in a point, as they do, on the globe, these are connected by a short transverse 
line. 

Dr. M. also lately received, by a friend, from the isle of Shepy in Kent, a 
small stone, with similar lines on it. This is only -J- of an inch in diameter, of a 
brown colour, and of the consistence of marble. As a description in words does 
not convey so clear an idea as an exact drawing, he has given representations of 
this stone in different views ; as at tab. 1. fig. J 9, 20, 21, 22. 

Fig. 19 represents the top of the stone, on which the lines are most regular, 
being depressed into the stone, and of the same colour with it. a, c, d, e, are 
the 4 principal lines, answering to those on Mr. Collinson’s stone, and are con- 
nected, as in his, by the transverse line g h. The line b is an irregularity in 
this stone, and so is f, which are not in the other ; these irregular, or super- 
numerary lines being continued to the other hemisphere. 

Fig. 20, or bottom of the stone, make the directions of the other lines very 
irregular, as may be seen in the figure ; only the lines c, d» and e, being con- 
nected by the transverse line g h. which here stands at right angles with that 
in fig. 19. 

The following figures represent the section of the stone through its equator, 
as nearly as possible ; only the mill cut away the substance to about the thick- 
ness of a shilling. In these sections the ramifications appear quite white. Fig. 

21 shews the section of the upper hemisphere, as fig. 22 does that of the lower 
hemisphere ; in both of which the letters of reference answer to those in the 
other figures, shewing where the outside lines abut on these sections. 

An Explanation of the foregoing Figures Collected in PI. 1 . 

9. The face of the Dudley fossil rolled up ; IO, the back of the same; 11, , 
the fore and under part, with the tail folded close under the jaw ; 12, Dr. Shaw’s 
fossil half extended ; 13, the face of the same; 14, the under side of the aame, 
being folded but half way, leaving a space between the jaw and the tail ; 15, 
Dr. Pocodt’s extended fossil, the hade uppermost ; 1-6, a aide view of the same ; 
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17, aside view of another folded up; 18 , a front view of the same with the taH 
folded close under the jaw. 

The letters of reference in the description answer to the same parts in fig. 15 , 
16, 17, and 18 ; but 19, 20, 21, 22, are the figures of the stone, described in 
this article, in all which the letters refer to the same lines. 

Plate 11. represents a large mass of lime-stone dug up at Dudley, in which 
are embodied many of these fossils, with several other petrified shells. 


A Collection of Various Papers presented, to the R. S. concerning several Earth- 
quakes, felt in England, and other Countries, in 1750 and other Years. 
N° 496, p. 601, &c. 

About the year 1750 some earthquakes were felt in many parts of England,, 
indeed almost all over the country : and though no serious ill consequences at- 
- tended them, yet they produced a vast number of communications to the r. s. 
stating the circumstances of them, from many different parts of the country. 
These accounts the Society collected, and printed all together, at the end of this 
volume 46, forming the N° 497, being the last of this series of publication in 
the form of N 08 by the Secretaries, on their own account. But, as may be ex- 
pected., there being a general sameness or uniformity that runs through all these 
accounts, such as loud rumbling noises, the shaking of the ground, the tottering 
of houses, the rattling of the windows, and the furniture of houses, &c. which 
circumstances may be all easily conceived ; it would be irksome and disgusting 
to reprint such a number of tedious, and similar, and uninteresting accounts. 
Instead of which therefore, we shall here give a summary of the whole in the 
following table ; containing, in the 1 st column, the date of the earthquakes; 
in the 2 d, the names of the persons communicating the accounts, with the 
pages of the original vol. (46). where the accounts stand ; and in the 3 d, the 
places where the persons write from, or where the earthquake was felt. After 
which, we shall advert to any particular circumstances, that may be more par- 
ticularly deserving of that notice.. 


List of the Earthquakes in this Number, with the Places and Names of the Writers. 


Dates, N. S. Authors and Page*. Places. 

Ifeb. 8, 1750, Hen. Baker p. 601, London. 

Gowin Knight. . . 603, .... ... 

Jo. Freeman. . , . 605, 

! 1 . . Wm. Fauquier; . 505, Edthara. 

Dr. Hen. Miles. . 607, Tooting 

Dr. John Martyn, 6*09, Chelsea. 

S. Lethicullier. . . 613, Aldersbrosei 

Mar. 8, 1750, M. Folkes, Esq. 613, London. 

. Rev. Tho. Birch. 6 15, 

Henry Baker. .. 6l7, 

Dr. HL. Miles. . . 619, Tooting. 


Dates, N. S. Authors and Pages. Places. 

Mar. 8, 1750, Martin Clare. .. . 620, Kensington. 

Dr. D. P. Layard, 621, London. 

R. Pickering. . .. 622, 

Ja» Burrow, Eiq. 626, 

Dr. H. Miles. . . . 628, Tooting. 

Dr. J. Martyn. . . 630, Chelsea. 

Mic. Russel 631, London. 

Dr. Ja. Parsons. . . 633, , 

Ja. Burrow, Esq. 637, 

Dr. C. Mortimer, 638, 

Dr. Miles. ...... 639, Tooting* 
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Dates, N. S. Authors and Pages. 

Mar. 18, 1750, J. EHicott 646, 

Dan. Wray, Esq. 647, 

Mar. 8; 1750, Rev. Dean Cooper, 0*47, 
Mar. 18, 1750, Rev, Mr. Tayior, 649 , 
Mar. 19 . 1750, Benj. Cooke. . .. 651, 
Mar. 18, 1750* Jos. Colebrooke. . 652, 

P. Newcome. . . . 653, 

Ja. Buntow, Esq. 655, 

Mar. 8, 1750, Tho. Burrat. . . . 681, 

Apr. 2, 1750, Rob. Paul 683, 

Mar. 14, 1750, W. Bowman. 684, 

Apr. 2, 1750, Mr. Pennant. .. . 687, 
Mar. 18,1750, Nat. Downe. . . . 688, 
May 4, 1749, Henry Baker.... 689, 

July 1, 1747, 

Oct. 11, 1749, M. Reaumur. . . . 691 , 
Feb. 9, 1750, Rev. W. Barlow. . 692 , 


Places. Dates, N. S. 

Portsmouth. Apr, 2, 1750, 

Mar. 8, 1750, 

Hertford, Mar. 24, 1750, 
Portsmouth. Sep. 30, 1750, 

Isle of Wight 

Southampt 

Hackney 

East Sheen 

Kensington. 

Chester 

Ea.Molesey 

Flintshire 

B rid port. .. 

Wiribourn 

Taunton. 

France. 

Plymouth. 


Aug. 23, 1750, 
Sep. 30, 1750, 


Authors and Pages. Places. 

Rev. J. Seddon. . 696 , Warrington. 
Win. Jackson. . . . 700, London. 

M. Mackenzie. . . 701, Smyrna. 
Wm. Folkes, Esq 701, Newtown. 
Ja. Burrow, Esq. 702, Suffolk. 

Leicester. 

Sir Tho. Cave. .. . 706, 

J. Nixon 707, Northampr. 

Weston. 

710, Warwick. 

Dr. Dodridge. .. 712, Northampt. 

Henry Green. . . 7*23, Leicester. 

M. Johnson. .. . 725, Spalding. 

Dr. H. Miles. . . . 726, Tooting. 
Wm. Smith 727, Peterborough 


It is pretty generally agreed that the shocks lasted only 3 or 4 seconds of time. 
On occasion of these earthquakes, the Rev. Dr. Wm. Stukely wrote his thoughts 
on the causes of such phenomena. These are given at 3 different parts of this 
N° viz. at p. 641, 657, 731 ; and were also printed and published by the author 
in a separate pamphlet, in 1750, in 8vo. He rejects, he says, the common 
notion of struggles between subterraneous winds, or . fires, vapours, or waters, 
heaving up the ground like animal convulsions ; but he always thought it was an 
electrical shock ; which he is induced to think is the case, from several circum- 
stances, which he notices. 

“ We had lately, says Dr. S. a very pretty discourse read here, from Mr. 
Franklin of Philadelphia, concerning thundergusts, lights, and like meteors. 
He well solves them by the touch of clouds, raised from the sea, which are non- 
electrics, and of clouds raised from exhalations of the land, which are electrified : 
that little snap, which we hear, in our electrical experiments, when produced by a 
thousand miles compass of clouds, and that re-echoed from cloud to cloud, through 
the extent of the firmament, makes that thunder, which affrightens us. From 
the same principle I infer, says the Dr. that if a non-electric cloud discharges 
its contents on any part of the earth, when in a high electrified state, an earth- 
quake must necessarily ensue. As a shock of the electric tube in the human 
body, so the shock of many miles compass of solid earth, must needs be an 
earthquake ; and that snap, from the contact, be the horrible uncouch noise 
of it.” 

Dr. Ste. Hales also, p. 669, besides noticing the phenomena of the earthquake, 
ventures on an opinion of the cause of such convulsions. “ As to the affairs of 
earthquakes, says he, particularly that which happened March 8, 1750, about 
20 minutes before 6 in the morning ; I being then awake in bed, on a ground 
floor, near the church of St, Martin’s in the Fields, very sensibly felt the bed 
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heave, and consequently the earth must heave too. There was a hollow, obscure, 
rushing noise in the house, which ended in a loud explosion up in the air, like 
that of a small cannon : the whole duration, from the beginning to the end of 
the earthquake, seemed to be about 4 seconds of time. The soldiers who were 
on duty in St. James’s Park, and others who were then up, saw a blackish cloud, 
with considerable lightning, just before the earthquake began; it was also very 
calm weather. 

“ In the history of earthquakes it is observed, that they generally begin in calm 
weather, with a black cloud. And when the air is clear, just before an earth 
quake, yet there are then often signs of plenty of-inflammable sulphureous matter 
in the air ; such as Ignes Fatui or Jack-a- Lanterns, and the meteors called 
falling stars. 

“ Now I have shewn many years since, in the appendix to my Statical Essays, 
experiment 3, page “280, the effect that the mixture of a pure and a sulphureous 
air have on each other ; viz. by turning the mouth downwards, into a pan of 
water, of a glass vessel of a capacity sufficient to hold about two quarts, with a 
neck about 20 inches long, and 2 inches wide ; then, by putting under it, in 
a proper glass vessel, with a long narrow neck, a mixture of aqua fortis, and 
powdered pyrites, viz. the stone with which vitriol is made, there will be a brisk 
ferment, which will fill the glass with redish sulphureous fumes; which, by ge- 
nerating more air than they destroy, will cause the water, with which the whole 
neck of the glass vessel was filled, to subside considerably. When the redish 
sulphureous air in die upper part of the glass is clear, by standing 2 or 3 hours, 
if then the mouth of the inverted glass be lifted out of the water, so as to jet the 
water in the neck of the glass fall out ; which, supposing it to be a pint, then an 
equal quantity of fresh air will rush in at the mouth of the neck of the vessel, 
which must immediately be immersed in the water : and on the mixture of the 
fresh air with the then clear sulphureous air, there will instantly arise a violent 
agitation between the two airs, and diey will become, from transparent and clear, 
a reddish turbid fume, of the colour of those vapours which were seen several 
evenings before the late earthquakes : during which effervescence, a quantity of 
air, nearly equal to what fresh air was let in, will be destroyed ; which is evident’ 
by the rising up of the water in the neck of the glass, almost as high as before. 
And if, after the effervescence of the mixed airs is over, and become clear agaiD, 
fresh air be admitted, as before, they will again grow reddish and turbid, and 
destroy the new admitted air as before ; and this after several repeated admissions 
of fresh air : but after every readmission of fresh air the quantity destroyed will 
be less and less, till no more will be destroyed. And it is the same after stand- 
ing several weeks, provided, in the mean time, too much fresh air had not been 
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admitted.. Now, I found the sum total of the fresh air thus destroyed to be 
nearly equal to the first quantity of sulphureous air in the inverted glass. 

« Since we have in this experiment a full proof of the brisk agitation and effer- 
vescence which arises from the mixture of fresh air with air that is impregnated 
with sulphureous vapours, which arise from several mineral substances, espe- 
cially from the pyrites, which abounds in many parts of the earth ; may we not 
with good reason conclude, that the irksome beat, which we feel in what is 
called a close sultry temperature of the air, is occasioned by the intestine motion 
between the air and the sulphureous vapours, which are exhaled from the earth ? 
which effervescence ceases, as soon as the vapours are equably and uniformly 
mixed in the air ; as happens also in the effervescences and ferments of other li- 
quors. The common observation therefore, that lightning coots the air, seems 
to be founded an good reason ; that being the utmost and last effort of this ef- 
fervescence. 

“ May we net hence also, with good probability, conclude, that the first 
kindling of lightning is effected by the sudden mixture of the pure serene air 
above the clouds, with the sulphureous vapours, which are sometimes raised in 
plenty, immediately below the clouds ? the most dreadful thunders being usually 
when the air is, very black with clouds ; it rarely thundering without elouds : 
clouds serving, m this case, like the above-mentioned inverted glasses, ai a par- 
tition between the pure and sulphureous airs : which must therefore, on their 
sudden admixture through the interstices of the clouds, make (like the two airs 
in the glass) a more violent effervescence, than if those airs had, without the 
intervention of the clouds, more gradually intermixed, by the constant mom 
gradual ascent of the wanner sulphureous vapours from the earth, and descent 
of the cold serene air from above. And though there was no luminous flash of 
light in. the glass, yet, when such sudden effervescence arises, among a vast 
quantity of such vapours in the open expanse of air, it may, not improbably, ac- 
quire so rapid a velocity, as to kindle the sulphureous vapours, and thereby be- 
come luminous. 

“ And since, from the effects that lightning is observed to have on the lungs, 
of animals, which it often kills, by destroying the air’s elasticity in them, as 
also from its bursting windows outwards, by destroying the air’s elasticity on the 
outside of those windows : since, I say, it is hence probable, that the sufphu- 
ocauff fumes do destroy a great quantity of elastic air ; it should therefore cause 1 
great commotions and concussions in the air, when the air rushes into those 
evacuated places ; which it must necessarily do with great velocity. 

* Dr. Papin has calculated the velocity with which air rushes into an exhausted 
receiver, when driven by the whole pressure of the atmosphere, to be at the 
rate of 1305 feqt in a second of time ; which is at the rate of 889 : miles in an 
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hour : which is near 18 times a greater velocity than that of the strongest storms'; 
which is estimated to be at the rate of 50 miles in an hour. . . 

“ Hence, we see that an outrageous hurricane may be caused, by destroying 
a small proportion of the elasticity of the air of any place, in respect to the 
whole. No wonder then that such violent commotions of the air should produce 
hurricanes and thunder showers ; especially in the wanner climates ; where both 
the sulphureous and watery' vapours, being raised much higher, and in greater 
plenty, cause more violent effects. 

“ Monsieur de Buffon in his Natural History, and Theory of the Earth, men- 
tions black dark clouds in the air near the tempestuous Cape of Good Hope, and 
also in the ocean of Guinea, which are called by the sailors the Ox’s Eye ; which 
are often the forerunners of terrible storms and hurricanes. Whence it is to be 
suspected, that they are large collections of sulphureous vapours; which, by 
destroying suddenly a great quantity of the elastic air, cause the ambient-air to 
rush with great violence into that vacuity, thereby producing tempests and hur- 
ricanes. And off the coast of Guinea they have sometimes 3 or 4 of these hur- 
ricanes in a day; the forerunners of which are these black sulphureous. clouds, 
with a serene clear air, and calm sea ; which on a sudden turns tempestuous, 
on the explosion of these sulphureous clouds. And in Jamaica they never have 
an earthquake when there is a wind to disperse the sulphureous vapours. 

“ In like manner we find, in the late earthquakes at London, and in the ac- 
counts of many other earthquakes, that before they happen there is usually a 
calm air, with a black sulphureous cloud; which cloud would probably be dis- 
persed like a fog, were there a wind : which dispersion would prevent the earth- 
quake ; which is probably caused by the explosive lightning of this sulphureous 
cloud ; being both nearer the earth than common lightnings ; and also at a 
time when sulphureous vapours are rising from the earth in greater quantity 
than usual ; which is often occasioned by a long series of hot and dry weather. 
In which combined circumstances, the ascending sulphureous vapours in the 
earth may probably take fire, and thereby cause an earth-lightning ; which is 
at first kindled at the surface, and not at great depths, as has been thought ; 
and the explosion of this lightning is the immediate cause of an earthquake. 

“ It is in the like manner that those meteors, called falling stars, are sup- 
posed to be kindled into a flame at the upper part of a sulphureous train, which 
is kindled downwards into a flame, in the same manner as a fresh blown-out 
candle is instantly lighted from another candle held over it at a distance, in the 
sulphureous inflammable smoke of it. 

“ I am sensible that it may seem improbable, that the ascending sulphureous 
vapours in the earth should thus be kindled ; but since they are continually as- 
eending.-through the pores of the earth, more or less, for many good and useful 
5 


Digitized by ^.ooQie 



VOL. XL VI.] miLOSOPHICXL TBASSACTI0N6. 113 

purposes, it is plain there is room for them to pass. Besides, as Mods, de 
Buffon remarks, naturalists have observed perpendicular and oblique clifts, in all 
kinds of layers of earth, not only among rocks, but also among all kinds of 
earth, that have not been- removed, as is observable wherever the earth is open 
to any depth. Now these clifts are caused by the drying of the several iiorizontal 
layers of the earth ; and will also be considerably the wider in long dry hot sea- 
sons, which are usually the preparatory forerunners of earthquakes, and the ex- 
plosion of the sulphureous vapours may probably widen them more. 

“ It is very observable, in the opinion of Borelli, and other naturalists, that 
Volcanos begin first to kindle near the surface or top of the mountains, and not 
in the caverns in the lower parts of them. Mons. de Buffon says, that earth- 
quakes are most frequent where there are Volcanos ; sulphureous matter abound- 
ing most there : but that, though they continue burning long, yet they are not 
very extensive. But that the other sort of earthquakes, which are not caused by 
a Volcano, extend often to a great distance. These are much longer east and 
west, than broad north and south j and shake a zone of earth with different de- 
grees of force- in different parts of their course ; viz. in- proportion to the dif- 
ferent quantities of explosive sulphureous matter in different places. These 
kinds of earthquakes are observed to be progressive, and to take time to extern! 
to the great distances sometimes of some thousands of miles. They are an in- 
stantaneous explosion in every place, near the surface of the earth ; and therefore 
■do not produce mountains and islands, as volcanos sometimes do. 

“ The earthquake in London, March 2, was thought to move from eastward 
to westward. M. Buffon mentions an earthquake at Smyrna, in the year 1088, 
which moved from west to east ; viz. because the first kindling probably began 
on the western side; and in the earthquake at London on the eastern side. And 
accordingly it was observed, that the reddish bows in the air, which appeared 
several days before that earthquake, arose in the east, and proceeded westward. 
It was observed, after the earthquake at Smyrna, that the castle-walls, which 
run from east to west, were thrown down ; but those from north to south stood ; 
-and that the houses on rocks stood better than those on the earth. 

<c M. de Buffon relates, that the vibrations of the earth, in earthquakes, have 
commonly been from north to south ; as appears by the motion of the lamps in 
churches ; which makes it probable, that though the progress of the earthquake 
it Smyrna was from west to east, yet the vibrations of the earth might be from 
north to south ; and thereby occasion the falling of the castle walls, which run 
from east -to west, but -not those which tuh from north to south. A probable 
argument that, as the freest passage, so the greatest explosions were made in 
the clifts df the earth which' run east and west ; which would make the vibra- 
tions north and south. 
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“ It was observed, that the waters turned foul the day before an earthquake 
at Bologna in Italy : and I was informed, that the water of some wells in Lon- 
don turned foul at the time of the earthquakes; Which was probably occasioned 
by the ascent of great plenty of sulphureous vapours through the earth. 

' “ As to the hollow rumbling noise, which is usually heard in earthquakes, it 

seems not improbable, that it may be occasioned by the great agitation that the 
electrical aethereal fluid is put into by so great a shock of a large mass of earth. 
For, if the like motion of a small revolving glass globe can excite it to the velo- 
city of lightning, and that with a force sufficient to kill animals, how much 
greater agitation may it probably be excited to, by the explosive force of an 
earthquake ! 

“ The explosion of a cannon in St. James's Park is observed to electrify the 
glass of the windows of the treasury. And what makes it still more probable, is 
the analogy that there is between them in other respects. For, as the electrical 
flash rushes, with the velocity of lightning, along the most solid bodies, as iron, 
&c. and as I have seen it run only on the irregular gilding of leather; so such 
solid bodies are observed to be the conductors of aereal lightning, which rends 
oaks in pieces, and has been known to run along and melt an iron bell-wire on 
two sides of a room, &c. And accordingly it was observed, in the great earth- 
quake in Jamaica, that the most tremendous roaring was in the rocky moun- 
tains. And in the late earthquake of March 8 in London, the loudest explo- 
sions were thought to be heard near such large stone buildings as churches, with 
lofty steeples and spires. 

“ I, who lay in Duke’s-Court, near St. Martin’s church, and was awake all 
the time of the earthquake,- plainly heard a loud explosion up in the air, like 
that of a small cannon: which made me conjecture, that the noise was ow ing 
to the rushing off, and sudden expansion, of the electrical fluid, at the top of 
St. Martin’s spire ; where all the electrical effluvia, which ascended up along the 
larger body of the tower, being by attraction strongly condensed, and accele- 
rated at the point of the weathercock, as they rushed off, made so much the louder 
expansive explosion. 

“ The Rev. John Seddon, says, p. 697, as soon as I felt the shock, I was 
immediately apprehensive what it was, and went out to see whether there was any. 
thing remarkable in the atmosphere. I then observed a very uncommon appearance^ 
viz. an infinite number of rays, proceeding from all parts of the heavens, don- 
verged to one point; no luminous body appeared at all. The rays were at first of 
a bright yellow ; afterwards they became blood-red. This phenomenon was not 
far from our zenith. It continued about 20 minutes, and then disappeared. 

Dr. Dodridge, p. 7 18, says, the morning on which the phenomenon hap- 
pened, was remarkably calm ; but quickly after the shock, the wind rose ; and’ 
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•the clouds, which had covered the heavens for several days, were pretty much 
dispersed. There was a report that, at near A o’clock that morning, (Sunday,) - 
a ball of fire was seen. On Monday night the sky in the east was as red as 
•blood ; and on Tuesday night was the finest aurora borealis he ever saw. He 
says that a Mr. Scawen was confident that he heard that rushing noise, so gene- 
rally mentioned by all who observed any thing extraordinary, not only before, 
but after the shock ; and that he could trace the direction, from s. w. to 
n. e. He adds, that a niece of Sir Hans Sloane observed, that just before the 
shock, her birds drooped remarkably, and hid their heads under their wings : a 
circumstance often observed in Italy, and other places where these phenomena 
are frequent. 

The last of these papers is by Dr. Stukely, p. 731, on what he calls the 
philosophy of earthquakes : he recounts the most remarkable circumstances men- 
tioned in the several accounts, and thence deduces a theory to explain the whole. 

We have had, says he, many opportunities of reflecting on that most awful, and 
hitherto unusual appearance. The year 1750, may rather be called the year of 
earthquakes, than of jubilee. For, since they began with us at London, they 
have appeared in many parts of Europe, Asia, Africa, and America, and have like- 
wise revisited many counties in our island : at length on 30th of September,' 
have taken their leave (as we hope) with much the most extensive shock we have 
seen in our days. 

We have been acquainted by those that remember it, that in the earthquake 
<jf November 1 703, which happened in Lincolnshire, the weather was calm, 
close, gloomy, warm, and dry, in a degree highly unusual at that season : and 
thus it has been with us all the year : and from the numerous accounts we have 
received at the Royal Society, in the beginning and end of the year, where any 
mention is made of the weather, they agree in the like particular : which is con- 
sentaneous to what is remarked as the constant forerunner of earthquakes, and 
what prepares the earth’s surface to receive the electrical stroke. 

We had a paper read at the Royal Society, concerning die first earthquake 
felt by us at London on 8th of February. A shepherd belonging to Mr. Secre- 
tary Fox at Kensington, the sky being perfectly serene and clear, was much 
surprized with a very extraordinary noise in the air, rolling over his head, - as of 
cannon close by. This noise passed rushing by him ; and instantly he saw the 
ground, a dry and solid spot, wave under him, like the face of the river. The 
tall trees of the avenue, where he was, nodded their tops very sensibly, and 
quavered. The flock of sheep immediately took fright, and ran away all to- 
gether, as if the dogs had pursued them. A great rookery in the place were 
equally alarmed ; and, after a universal clangor, flew away, as if chased by- 
hawks. 
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It was likewise mentioned, that in the same earthquake, a great parcel of hens 
and chickens, kept at that tune in Gray’s-Inn-Lane, on the shock, ran to the. 
roost affrighted : and the Kke was observed of pigeons- And in our account of 
the last earthquake from Northampton, it is remarked, that the birds in cages - 
put their heads under their wings, as to hide themselves.. 

Mr. Jackson, potter at Lambeth, gave an account of some boats and lighters, 
in the river at that time ; the people in. them seemed to feel as if a porpoise, or 
some great fish, had heaved and thumped at the bottom- of the lighters. This is 
sometimes the case with ships at sea i which seems evidently owing to an electrical 
impression on the water. 

In the Evening Post, June 23, we had a paragraph from Venice, that a ter- 
rible earthquake had lately been felt in the Isle of Cerigo ; a little rocky isle. It 
threw dbwn. a great number of houses,, and above 2000 inhabitants were buried 
in the ruins- Another earthquake about that time happened in Switzerland, 
which split a vast rocky mountain, and an old castle wall, of an immense thickness.. 

But, since then, these wonderful movements have stalked round the globe ; 
(and been lately felt in our own island, though to the terror only of many thousand 
people) besides those that appeared in the western parts, in the more early time 
of the year. 

In a letter from Maurice Johnson, Esq. the founder and secretary of the Li- 
terary Society of Spalding, which has now subsisted these 40 yearn, he says that, 
on Thursday the 23d of August last,, an earthquake was very sensibly felt there, 
about 7 o’clock in the morning, throughout the whole town and neighbourhood, 
and many miles round ; but chiefly spread northward and southward.. He says, 
that for a fortnight before the weather had been serene, mild and calm ; and one 
evening there was a deep red aurora australis, covering the cope of heaven, very 
terrible to behold. This same shock was, felt at Grantham, Stamford, and Mil- 
ton by Peterborough ; and generally at all the intermediate places.. 

But we have had many advices from all hands, at the first and second meetings 
of the r. s, for the winter season ;. with further particulars relating to this great 
concussion: that it was felt at the same time at Rugby in Warwickshire, and 
reached to Warwick j at Lutterworth in Leicestershire ; at Leicester, and round, 
about. They describe it, that the houses tottered, and seemed to heave up and : 
down, though it lasted but a few seconds.. It was attended with a rushing noise,, 
as if the houses were falling ; and people were universally so affrighted as to run 
out; imagining that their own, or neighbours’ houses, were tumbling on their, 
beads. In the villages around, the people,, heing at divine service, were much 
alarmed, both with the noise, which exceeded ail the thunder they had ever 
hea«d, beyond compare; and with the great shock accompanying, which was 
like somewhat that rushed against the church-walls and roof ; some thinking the 
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pillars cracked ; many, that the beams of the roof were disjointed ; and all, that 
the whole was falling ; and happy were they that could get out first. A few 
slates, tiles, and parts of chimneys, fell from some houses ; pewter, glasses, and 
brass, fell from shelves ; a dock-bell sometimes struck ; windows universally 
rattled; and the like circumstances of tremor. 

The same extended itself to Coventry, Derby, Nottingham, Newark; then 
came eastward to Harborough, Towcester, Northampton, Rowell, Kettering, 
Wellingborough, Oundle in Northamptonshire, Uppingham, Oakham in Rut- 
land, Stamford, Bourn, Grantham, Spalding, Boston, and to Lincoln, in Lin- 
colnshire; Holbech, and All-Holland, in that county; Peterborough, Wisbedi 
in the Isle of Ely, together with all the intermediate and adjacent places. Then 
it passed over the whole breadth of Ely-Fen, and reached to Bury in Suffolk, and 
the country thereabouts ; of which we had notice from Lady Cornwallis : an ex- 
tent from Warwick to Bury of about 100 miles in length ; and, generally speak- 
ing, 40 miles in breadth. And this vast space was pervaded by this ama zing 
motion, as far as we can get any satisfaction, in the same instant of time. 

In regard to circumstances, they were pretty similar throughout. At North- 
ampton, s gentlewoman, sitting in her chair, relates, that she and her chair 
were twice sensibly lifted up, and set down again. A stack of chimneys were 
thrown down in College-lane ; a place retaining the memory of a sort of univer- 
sity once beginning at Northampton. The windows of houses rattled throughout 
the whole town ; but no mischief done. 

They fancied there the motion of it, as they express it, to be eastwanl. In 
streets that run north and south, the houses on die east side of the way were 
most affected : and Dr. Stonehouse’s dwelling, the strongest in the town, was 
most sensibly shaken. So it was likewise observed, that churches were most 
subject to its violence. They thought too that the motion seemed rather hori- 
zontal, or lateral, than upward. Some counted the pulses distinctly, to the 
number of 4. That the second and third pulse were stronger than the first and 
fourth. From all these various accounts, there was no sulphureous smeil, or 
eruption; no fissures in the ground perceived; yet several people were sick 
upon it. 

It was more evidently perceived by people standing ; most, by those that were 
sitting ; least, by such as were walking ; and in upper stories of houses, more 
than in lower, or in cellars. Some, coming down stairs, were in danger of being 
thrown forwards : several sitting in chairs, and hearing die hollow thundering 
noise, and thanking it was a coach passing by, when they attempted to get up, 
to see what it was, they were thrown back again into their chair. Some heard 
the wainscot crackle. A lady, sitting by the fire, with lier cliair leaning for- 
wards, was thrown down on her hands and knees. 
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It was particularly remarked (as before mentioned), that birds in cages were 
sensibly affrighted, thrusting their heads under their wings. Mrs. Allicock, of 
Loddington, a lady in childbed, was so affected that.it caused her death. Some 
people felt such a sudden shortness of breath, that they were forced to go out 
into the open air, it so affected the pulmonary nerves. Many were taken with 
liead-achs. 

These are, in general, the observations made at the time of these earthquakes. 
Give me leave now to make the following remarks. 

1 . As far as we can possibly learn, where no one can be prepared at different 
places by time-keepers, this mighty concussion was felt precisely at the same 
instant of time, being about half an hour after 12 at noon. This, I pre- 
sume, cannot be accounted for by any natural power, but that of an electrical 
vibration ; which we know acts instantaneously. 

2. Let us reflect on the vast extent of this trembling, 100 fniles in length, 40 

in breadth, which amounts to 4000 square miles in surface That this should be 
put into such an agitation in one moment, is such a prodigy, as we should never 
believe, or conceive, did we not know it to be a fact, from our own senses. But 
if we seek for a solution of it, we cannot think any natural power is equal to it, 
but that of electricity ; which acknowledges no sensible transition of time, no 
bounds. * 

3. We observe, the vulgar solution of subterraneous eruptions receives no 
countenance from all that was seen or felt during these earthquakes : it would 
be very hard to imagine how any such thing could so suddenly and instanta- 
neously operate through this vast space, and that in so similar and tender a man- 
ner, over the whole, through so great a variety as well as extent of countiy, as 
to do no mischief. 

A philosophical inquirer in Northamptonshire, who had his eye particularly 
on this point, takes notice there were not any fissures in the ground, any sul- 
phureous smells, or eruptions, any where perceived, so as to favour internal 
convulsions of the earth ; yet we learn, from a letter, at Uppingham in Rut- 
land, that a plaster floor became cracked thereby. These kind of floors are fre- 
quent in this country : what we call stucco in London ; and it gives us a good 
notion of the undulatoiy vibration produced by an earthquake , which some have 
compared to that of a musical string ; others, to that of a dog, or a horse, shak- 
ing themselves when they come out of the water. 

4 . The former earthquake, that happened at Grantham, Spalding, Stamford 
(which towns lie in a triangle) took up a space which may in gross be accounted 
a circle of 20 miles in diameter ; the centre of which is that great morass called 
Deeping-Fen. This comprehends 14 miles of that 20 jn diameter; and where, 
probably, the electrical impression was first made. Much the major part of 
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Deeping-Fen is under water in the winter ; underneath is a perfect bog : now 
it is very obvious how little favourable such ground is for subterraneous fires. 

In the second earthquake, not only this country was affected again, but like- 
wise a much larger space of the same sort of fenny ground, rather worse than the 
former: all Donington-Fen, Deeping-Fen, Croyland-Fen, Thorney-Fen, Whitle^ 
sea-Fen, Bedford-Level, artd the whole extent of Ely-Fen, under various deno- 
minations. This country, under the turf, abounds with subterraneous timber of 
all kinds ; fir, oak, and brush-wood ; stags’ horns : now and then they find a 
quantity of hazel nuts, crouded together on a heap: I have some of them. This 
is a matter common to all boggy ground over the whole globe. They are the 
ruins of the antediluvian world, washed down from the high country, where 
they grew, here lodged, and by time overgrown with the present turf. They 
that seek for any other solution of this affair, than the universal Noachian de- 
luge, want to account for a general effect by a partial cause ; and shut their eyes, 
both to the plain history of this matter, and to the infinite notorious demonstra- 
tions of it from fossil appearances. 

5.' All this country, though underneath it is a watery bog, yet, through this 
whole summer, and autumnal season -(as they can have no natural springs in such 
a level) the drought has been so great, on the superficies, that the inhabitants 
were obliged every day to drive thefr cattle several miles, for watering. This 
shows how fit the dry surface was for an electrical vibration ; and we learn from 
hence this important particular, that it reaches but very little below the earth’s- 
surface. 

Mr. Johnson, in another letter which he wrote concerning the second earth- 
quake, observed at Spalding, says, on this occasion, he was obliged to scour his 
canal, and deepen it ; that they came to a white quicksand, which afforded to- 
all the neighbourhood excellent water in plenty. 

fn the gravelly soil of London, and where the 2 shocks were felt by us, in 
the beginning of the year, we know there is not a house in the whole extent of 
this vast city, and all around it, but a spring of water is ready, on digging a. 
well : whenoe we have much reason to believe, that the internal parts of the 
earth are like a sponge soaked in water ; so that the only dry part of it is the 
superficies; which is the object, and the subject, of that electric vibration,, 
wherein it seems an earthquake consists. This shows the mistake of the ancients; 
who, fancying that earthquakes proceeded from subterraneous eruptions, built 
their prodigious temple of Diana of Ephesus on a boggy ground, to prevent, 
such a disaster. 

6. Earthquakes are truly most violent in a rocky country ; because the shock 
is proportionate to the solidity of the matter electrified : so that rocks, old castle- 
walls,. and strong buildings,, are most obnoxious to the concussion. The Isle. of 
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Cerigo was more liable, and more rudely treated by the late earthquake ; both 
because it was an isle, and because it was rocky. So we must say of the late 
earthquake in Switzerland, that split the mountain and the old castle-wall. 
Whence Mr. Johnson, in his second letter, says, it cracked a very strong brick 
house in Gosberton by Spalding. Dr. Doddridge observes, from Northampton, 
that Dr. Stonehouse’s dwelling, being a very strong one, was most sensibly 
shaken. And, throughout the whole extent of this great earthquake, we find 
both the noise, the shock, and the terror, was greatest at the churches, whose 
walls and bulk made more resistance than houses : and generally speaking, the 
churches throughout this whole extent have very fair and large towers, and many 
remarkable spires of good stone. 

This same vibration, impressed on the water, meeting with the solid of the 
bottom of ships and lighters, gives that thump felt there. Yet, of the millions 
of ordinary houses, over which it passed, not one fell : a consideration which 
sufficiently points out to us what sort of a motion this was not ; what sort of a 
motion it was ; and whence derived : not a convulsion of the bowels of the earth, 
but a uniform vibration of its surface, aptly thought like that of a musical string j 
or what we put a drinking-glass into, by rubbing one’s finger over the edge » 
which yet, brought to a certain pitch, breaks the glass ; undoubtedly an electric 
repulsion of parts. 

7. We find, from all accounts ancient and modem, that the weather preced- 
ing these shocks was mild, warm, dry, serene, clear, frosty : what notoriously 
favours all our electrical experiments. We very well know, that generally all 
last winter, spring, summer, and autumn, have been remarkably of this kind of 
weather ; more so than has been observed in our memory ; and have had all 
those requisites, appearances, and preparations, that notoriously cause electri- 
citv, that promote it, or that are the effects of it. 

8. We find the blood-red australis aurora preceding at Spalding, as with us at 
London. This year has been more remarkable than any for fire-balls, thunder, 
lightning, and coruscations, almost throughout all England. Fire-balls more 
than one were seen in Rutland and Lincolnshire, and particularly observed. 
All these kinds of meteors are rightly judged to proceed from a state of electricity 
in the earth and atmosphere. 

Mr. Johnson, in both his letters on the first and second earthquakes at Spald- 
ing, remarks particularly of their effects being mostly spread to the north and 
south, and especially felt on the sea-coast. We may observe that such is the 
direction of Spalding river, which both conducts and strengthens the electric vi- 
bration ; conveying it along the sea-shore, thence up Boston channel, and so 
up Boston river to Lincoln ; as we discern, by casting our eye upon a map. 

We observe further, that the main of this second earthquake displayed its e$* 
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fects along and between the 2 rivers Welland and Avon ; and that from their 
very origins down to tlieir fall into the sea. It likewise reached the river Wi- 
tham, which directed the electric stream that way too to Lincoln: for which 
reason, as there meeting the same coming from Boston, the shock was most 
sensibly felt. It reached likewise to the Trent at Nottingham, which conveyed 
it to Newark. 

The first electrical stroke seems to have been made on the high ground above 
Daventry in Northamptonshire, where are the Roman camps, made by P. Osto- 
rius the propraetor. Thence it descended chiefly eastward, and along the river 
Welland, from Harborough to Stamford, Spalding, and the sea ; and along the 
river Avon, or Nen, to Northampton, Peterborough, and Wisbech, to the sea. 
It spread all over the vast level of the Isle of Ely, assisted by many canals and 
rivers, natural and artificial, made for drainage. It was still conducted east- 
ward, up Mildenhall river in Suffolk, to Bury, and the parts adjacent. All 
this affair, duly considered, is a confirmation of the doctrine I advanced on this 
subject. 

10. I apprehend it was not the noise in the air, as of many cannon let off at 
once, preceding the earthquake, that so much affrighted people, of affected the 
sheep, the rookery at Kensington, the hen and chickens in Gray’s-Inn-Lane, 
and the pigeons : it could not be barely the superficial movement of the earth 
that disturbed them all at once : I judge it to be the effect of electricity, some- 
what like what causes sea-sickness ; such a sort of motion as we are not accus- 
tomed to. So the earthquake affects all those of weak nerves, or that have 
nervous complaints, obnoxious to hysterics, colics, rheumatic pains in their 
joints. Several women were seized with violent head-achs, before both the 
shocks we felt in London. It was this that affected the people with a shortness 
of breath. This made the dog run whining about the room, seeking to get out: 
This made the fishes leap up in the pond at Southwark ; like the experiment 
of electrifying the fishes ; it makes them sick : and this causes the birds in cages 
to hide their heads under their wings, because they cannot fly away : which is 
commonly observed of them in Italy, and countries where earthquakes are more 
frequent. 

11. I observe, the shepherd of Kensington thought the motion of the earth- 
quake, and the sound, were from n.w. to s.e. On the contrary, Mr. Byfield, 
the scarlet dyer in Southwark, thought the noise came from the river below- 
bridge, and went toward’ Westminster ; where it rattled so, that he did not 
doubt but that the abbey-church was beaten down. Dr. Parsons took pains to 
find out the way of the motion of the earthquake, from the different position of 
the beds ; but from the contradictory answers given, he could obtain no satisfac- 
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tion, as to that point. All this, and what was observed from Northampton, of 
the motion being thought by some to be upward and downward, by others, 
rather horizontal or lateral, the counting the pulses, and the like, only points 
out to us the prodigious celerity, and the vibratory species of the motion of an 
earthquake , but far, very far, is this from being owing to the tumultuous ebul- 
lition, the irregular hurry of subterraneous explosions. 

12. How the atmosphere and earth are put into that electric and vibratory 
State, which prepares them to give or receive the snap, and the shock, which we 
call an earthquake, what it is that immediately produces it, we cannot say; any 
more than we can define what is the cause of magnetism, or of gravitation, or 
how muscular motion is performed, or a thousand other secrets in nature. 

We seem to know, that the Author of Nature has disseminated ethereal fire 
through all matter ; by which these great operations are brought about. 11118 is 
the subtil fluid of Sir Isaac Newton, pervading all things ; the occult fire dif. 
•fused through the universe, according to Marcilius Ficinus, the Platonic philo- 
sopher, in the Timaeus of his master. And the Platonists insist on an. occult 
fire passing through and agitating all substance by its vigorous and expansive 
motion. 

Before them, Hippocrates writes in the same sense, 1. de rictus ratione, that 
this fire moves all in all. This ethereal fire is' one of the 4 elements of the an- 
cients: it lies latent, and dispersed through all the other 3, and quiescent; till 
Collected in a quantity, that overbalances the circumjacent ; like the air crouded 
into a tempest ; or till it is excited by any proper motion. 

This fire gives elasticity, and elasticity, or vibration, is the mother of elec- 
tricity-. This fire is in water, and betrays itself to our senses in salt water*. 
Many a time, when I have passed the Lincolnshire wadies in the night-time, 
the horse has seemed to tread in liquid flames. The same appearance is often at 
the keel of a ship. 

The operation of the ethereal fire is various, nay infinite, according to its- 
quantity, and degree of incitement, progress, hindrance, or furtherance. One 
degree keeps water fluid, says the learned bishop of Cloyne : another turns it 
into elastic air : and air itself seems nothing else but vapours and exhalations ren- 
dered elastic by this fire. 

This same fire permeates and dwells in all bodies, even diamond, flint, and 
steel. Its particles attract with the greatest force, when approximated. Agamy 
when united, they fly asunder with the greatest celerity. AIL this is according t» 
the laws prescribed by the Sovereign Architect. This is the life and soul of 
action and re-action, in the universe. Thus has the Great Author provided, 
against the native sluggishness of matter! light, or fire, in animals, is what we. 
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call the animal spirits ; and is the author of life and motion. But we know not 
the immediate mode of muscular motion, any more than how, in inanimate 
matter, it causes the vibrations of an earthquake. 

13. The great question then with us is, how the surface of the earth is put 
into that vibratory and electric state by heat and dryness ? We must needs acquit 
the internal of the earth from the charge of these superficial concussions. How 
is the ethereal fire crouded together, or excited, so as to cause them ; seeing, in 
«rar ordinary electrical experiments, we make use of friction ? 

But that friction alone does not excite electricity, . we know, from the obvious 
experiment of flint and steel ; where the suddenness of the stroke, and hardness 
of the matter does it. Another method of exciting it, is the letting off a number 
of great guns ; which so crouds the ethereal fire together, as to electrify glass 
windows ; observed by Dr. Stephen Hales. The aurora borealis, australis, all 
kind of coruscation, meteors, lightning, thunder, fireballs, are the effects, and 
may reciprocally be the cause, of electricity; but how, in particular, we 
know not. 

Come we to the animal world, we must needs assert, that all motion, volun- 
tary and .involuntary, generation, even life itself, all the operations of the vege- 
table kingdom, and an infinity more of nature’s works, are owing to the activity 
of this electric five ; the very soul of the material world. And, in my opinion, 
it is this done that solves the famous question, so much agitated with the writers 
in medicine, about the heat of the blood. How these, how earthquakes, art) 
begun and propagated, we are yet to seek. 

We may readily enough presume, that the contact between the electric and 
the non-electric, which gives the snap, and the shock, must come from without, 
from the atmosphere; perhaps by some meteor, that crouds the ethereal fire 
together, causes an accension in the air, in the point of contact, on the earth’s 
surface ; perhaps another time by a shower of rain. We may as readily con- 
clude, that, though the original stroke comes from the atmosphere, yet the at- 
mosphere has no further concern in it : no aerial power, or change therein, can 
propagate itself so instantaneously over so vast a surface as 4000 miles square: 
Therefore the impetuous rushing noise in the air, accompanying the shock, is 
the effect,, not the cause. But surely there is not a heart of flesh that is not 
affected with, so stupendous a concussion. Let a man estimate hi* own power 
with that which causes an earthquake, and he will be persuaded that someVvhat 
more than ordinary is intended by so rare and wonderful a motion. 

That great genius Hippocrates makes the whole of the animal economy to be 
administered by what we call nature , and nature alone, says he, suffices for all 
things to* animals : she knows herself, and what is necessary for them. Carr we 
deny then that he here means a conscious and intelligent nature^ that presides 
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over, and directs all things ; moves the ethereal spirit or fire, that moves all 
things ; a divine necessity, but a voluntary agent, who gives the commanding 
nod to what we commonly call nature ; the chief instrument in the most im- 
portant operations of the vast machine, as well as in the ordinary opes ? And 
this leads us, 

14. Lastly, in regard to the spiritual use we ought to make of these extraor- 
dinary phenomena, or of our inquiries about them ; I shall first observe, that we 
find abroad, that several of these earthquakes this year have been very fatal. In 
the last we read of at Philippoli in Thrace, the whole city was destroyed, and above 
4000 inhabitants killed. At home, where above half a score separate concussions 
have been felt, there has not been one house thrown down, one life lost. This 
ought to inspire us with a very serious reflection about them. We may ob- 
serve, that if we did but read the works of Hippocrates, Plato, and his followers, 
of Tully, Galen, and the like ethic writers of antiquity, whilst we study and 
try the aflections of matter, we should improve in philosophy, properly speaking g 
we should lift up our minds from these earthly wonders, and discern the celestial 
monitions they present to us. 

The original meaning of the word philosophy wa$ rightly applied to moral 
wisdom ; we, who have improved both, should join them both together. By 
this means we gather the truth of the highest and most excellent philosophy, to 
be found in those volumes of first antiquity, which we call sacred; and we should 
adore that divine light which they hold forth to us; especially in a country where 
the principles of true religion are open and undisguised; where the established 
profession of it is rational, noble, and lovely; worthy of the moral governor of 
the world.” 


END OF THE FORTY-SIXTH VOLUME OF THE -ORIGINAL. 


Art. I. Of a Fire-ball seen in the Air July 22, 1750. By Mr. Wm. Smith , of 
Peterborough. Fol. XLVII y Anno 1751, p. 1.* 

On Sunday, July 22, 1750, 20 minutes before 9, in the evening, was seen 
near Peterborough, a ball of light, seemingly about the height of the sun when 

* As this volume of the original is the first of a new series, when the Royal Society began to pub- 
lish the Philos. Trans, themselves under the direction of their committee; on which occasion they 
prefaced the volume with the following advertisement, and which has been since, with little variation, 
continued to the present time in every volume; it has therefore been thought proper to print this 
advertisement once for all. It may also be here remarked that another alteration was introduced 
in the mode of publishing the Transactions, and which has also continued ever since, viz. that in- 
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about 2 hours high, and larger than a star of the first magnitude; the colour 
like that of a rocket, when thrown, and in its full glory. It drew a tail of light, 
to our view about 3-4- feet long, which was broadest and brightest next the ball, 
and grew taper in form, and languid in colour, to its termination. Its course 
was about north-west to south-west. It moved in a direct line horizontally, and 
its motion through the air was little swifter than the passage of a pigeon in its 
flight. It was seen about -J- of a minute. It was also seen at Bourn, which is 

stead of the former way in small numbers, of a few sheets each, the last of which was N° 4<X>, 
they have been ever since published in whole volumes once a-year, or else in half volumes each half 
year^ having the papers numbered in a series of articles from the beginning to the end of each vo- 
lume. The annual advertisement, here first given, is as follows: 

A^vertutmou . — The committee appointed by the Royal Society to direct the publication of die 
Philos. Trans, take this opportunity to acquaint the public, that it fully appears, as well from the 
council books and journals of the Society, as from the repeated declarations which have been made in 
several former Transactions, that the printing of them was always, from time to time, the single act 
of the respective secretaries, till this present 47 tb volume. And this information was thought the 
more necessary, not only as it has been the common opinion that they were published by die autho- 
rity, and under the direction of the Society itself, but also because several authors, both at hoqie and 
abroad, have in their writings called them the Transactions of the Royal Society. Whereas in truth 
the Society, as a body, never did interest themselves any further in their publication, than by occa- 
sionally recommending the revival of them to some of their secretaries, when, from the particular 
circumstances of their affairs, the Transacting had happened for any length of time to be inter- 
mitted. And this seems principally to have been done with a view to satisfy the public, that their 
usual meetings were then continued for the improvement of knowledge, and benefit of mankind, 
the great ends of their first institution by the royal charters, and which they have ever since steadily 
pursued. 

But the Society being of late years greatly enlarged, and their communications more numerous, it 
was thought adviseable, that a committee of their members should be appointed to reconsider the 
papers read before them, and select out of them such as they should judge most proper for publica- 
tion in the future Transactions; which was accordingly done on the 26*th of March 1752. And the 
grounds of their choice are, and will continue to be, the importance or singularity of the subjects, 
or the advantageous manner of treating them; without pretending to answer for the certainty of die 
facts, or propriety of the reasonings contained in the several papers so published, which must still rest 
on the credit or judgment of their respective authors. 

It is likewise necessary on this occasion to remark, that it is an established rule of the Society, to 
which they will always adhere, never to give their opinion, as a body, on any subject, either of na- 
ture or art, that comes before them. And therefore the thanks which are frequently proposed from 
the chair, to be given to the authors of such papers as are read at their accustomed meetings, or to 
the persons through whose hands they receive them, are to be considered in no other light than as a 
matter of civility, in return for the respect shown to the Society by those communications. The like 
also is to be said with regard to the several projects, inventions, and curiosities of various kinds, 
which are often exhibited to the Society; the authors whereof, or those who exhibit them* frequently 
take the liberty to report, and even to certify in the public news- papers, that they have met with the 
highest applause and approbation. And therefore it is hoped that no regard will hereafter be paid to 
such reports, and public notices; which in some instances have been too lightly credited, to the die* 
honour of the Society. 
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north-west 12 miles off, in the same manner. It must cortsequently be at a 
great height, though it . did not seem to be so, as the people in Borough-Fen, 
which lies north-east of the place where he was when he saw it, saw the same 
on the same hand as he did, and its form and course in the same manner. 

//. Of the same Meteor. By Mr. Henry Baker, F.R.S. p. 3. 

Mr. William Arderon, f.r.s. wrote, that the same meteor was seen at Nor- 
wich by thousands of people, on Sunday the 2 2d of July, at 9 in the evening; 
the appearance of which is exhibited in fig. 1, pi. 3. Its direction was, as near 
as he could guess, from north to south, moving with great velocity. When due 
east of him, its altitude was about 30 degrees; at which time the great distinct- 
ness of its figure made him imagine it was not above 2 or 3 miles from him. 
The splendour and beauty of its nucleus, particularly on the fore part, surpassed 
all the fires he ever saw, being of a bright silver colour; its tail was of the co- 
lour of a burning coal, though something fainter. Its head, or nucleus, ap- 
peared to him under an angle of somewhat more than 2°, and its tail of about 
21°. He lost sight of it in a cloud, not above 20° above the southern part of 
the horizon, into the middle of which it entered; but a friend of his, being 
about 4 miles more southward, saw it again, after it came out of this cloud, till 
it entered into another. 

III. Thermometrical Tables and Observations. By John Stedman, M.D. pt 4. 

This journal of the heat was kept during the encampment in Dutch Brabant, 
in the last year of the war, viz. 1748, and is chiefly remarkable in showing the 
difference between the heat in the tents and in the open air. 

Dr. S. observed, 1 . That in tents the heat frequently varies 20, 25, and 
sometimes 30°, in 24 hours; reckoning by Fahrenheit’s scale. 

2, That the uneasiness, felt on great changes of heat and cold, depends more 
on the sudden change from the one to the other, than on the excess of either; 
having often seen, in a long course of sultry weather, men sitting unconcern- 
edly in their tents, when, the air they breathed in was raised to about go 0 ; and 
the same men in winter standing in the open air with no warmer clothes, and 
yet without any complhint, though the cold was some degrees below the freezing 
point. "Whence it appears, that, if such a change of air be gradual, the same 
person can, without any uneasy sensatioQ, bear the difference of 60, 6a, at 64® 
of heat. 

3. That we are able to endure a greater degree of heat, than what has been 
hitherto thought enough to kill animals, as will appear from, the following ex^ 
ample. A soldier being confined to a tent called the standardj-guard, while the 
weather was so extremely hot, that the thermometer rose within the tent 1W or 
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104 °; on the second day his pulse was quick and full, his mouth foul, and he 
complained of thirst, a nausea, and head-ach. A thermometer being then kept 
for some time in his arm-pit, rose to 106°. On the third day all the symptoms 
increased, though the thermometer applied to his body, rose no higher than the 
day before ; but on Dr. S. representing the danger from the heat, he was enlarged, 
and immediately recovered. The heat in this instance was several degrees 
beyond what the learned professor Boerhaave thought sufficient to coagulate the 
blood. 

4. That a damp air (caeteris paribus) gives a sensation of greater heat or cold 
than a dry air, viz. a sensation of greater heat, when the mercury is about 70° 
or upwards; and of cold, when about 50°, or below that point. 

5. That we are able to endure the open air, when heated to a degree consi- 
derably greater than the air of a room, that is heated by a fire ; and, since one 
may stay some hours in a bagnio, where the heat is at 100°, we may conclude, 
that the open air, heated to that degree, will be suffered with less uneasiness, 
than when it is so confined. 

6. That medicines, for whose operation a pretty high degree of heat is neces- 
sary, cannot be taken safely, where the heat is very variable, though it should 
not be less than the degree requisite for the working of such medicines. Thus 
a mercurial salivation may be carried on safely, where the heat is kept from 66 
to 72°; but, were the heat suddenly to vary 15 or 20°, the change would be 
dangerous, though the heat was not to fall below 66°. 

7. That the body is sometimes differently affected, according to the different 
constitutions of the air; though the air remains tlie same,' so far as we can judge, 
with regard to heat, humidity, and gravity. 

8. That, when the thermometer is high, our bodies are very sensible of a 
small addition of heat : but it is uncertain, whether this proceeds from the heat 
being near the greatest degree we can bear ; or, that a greater proportion of heat 
is requisite to raise the thermometer the same number of degrees after it is high, 
than when it is. low. If this be the case, then, in graduating the thermometers, 
the degrees ought to be marked shorter, proportionally to the height of the mer- 
cury ; but in what proportion, is not yet discovered. 

IV A General Method? for exhibiting the Value of an Algebraic Expression in- 
volving several Radical Qjuaniities m an Infinite Series: wherein Sir Isaac 

Newton's Theorem far involving a Binomial, with another of the same Author. 

relating to the Roots of Equations? are demonstrated. B\j T. Simpson, F. R. S. 

p. 20. 

Among all the great improvements,, which- the ail of computation has in these 
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last ages received, the method of series may be justly deemed one of the most 
considerable ■, since not only the doctrine of chances and annuities, with some 
other branches of the mathematics, depend almost entirely on it ; but even the 
business of fluents, of such extensive use, would, without its aid and concur- 
rence, be quite at a stand in a multitude of cases, as is well known to mathe- 
maticians. 

It is for this reason, that the celebrated binomial theorem, for converting 
radical quantities into serieses, is ranked by many among the principal discoveries 
of its illustrious author ; seeing, by it, a vast number of fluents are found, that 
would otherwise be impracticable : nor is there any case, however complex, to 
which it may not be extended. 

It is true, when 2 or more compound radical quantities are involved together, 
the operation, by having two or more serieses to multiply into each other, be- 
comes very troublesome and laborious ; and, what is worse, the law of continu- 
ation, by which a part of the labour might be avoided, is exceedingly hard, if 
not impossible, this way to be discovered. In the following paper something is 
attempted towards obviating the said inconveniencies. 

Prob. 1 . — To find a series exhibiting the value of 


0 + *~) m X (1 + £-)" X (1 + X (1 + j)', &c. in simple terms ; r being in- 
determinate, and a, b, c, d, m, n, p, & c. any given numbers, whole or broken, 
positive or negative. 

Put u = (1 + w = (1 + £)", y = (1 + ^)', z = (1 + & c . 

Also let A = uuryz, &c. (= the quantity proposed) 

Then, in fluxions, A = vivyz & c. + uwyx &c. + tavyz &c. + ttwyz ice. ice. 
Which equation, divided by the preceding one, gives 

A =“ + « +>+i&c. 

A v to y z 

But since u = (l •+• j) m , we have " u = mx x (1 + ; and therefore 

^ = IT x +?)“ = V x J ^ + £ &c 0 by division. And in 

the same manner it appears, that - = ^ x 1 — 4- ~ &c. See. 

wo b b x 

Hence, our equation, by substituting these values, becomes 


A • 

= x X 
A 


T — -r H r 7 &c. I 

a a 1 1 a> a* I 

,* rue , nx* nx* . I 

^ * b* **■ & 1 ” &c - r 

— 4. 2fl _ 

|_c c* + c» c* &C J 

ire. ice. &c. &c. 
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Put P =*+ "- + ^+ ?-&C. 

a 1 b c a 
m . » . p , a o 

• = ^ + r* + c* + 7* &c - 


■=?+*+&+. 

&c.. &c. 

Then it will be 


9 &c. 


A = x x (p — a.r + iir 2 — sa 3 + tz 4 — va 3 &c.) 

Assume ^ = a + bt -f- cx 1 + nr 3 + E.r 4 &c. let this value, with that of 
be substituted in the last equation:, whence, by comparing the homologous 
terms, there will come out. 


B=PA 

PB — QA 


D = 


E = 


PC — g B — R A 

_ 3 

PD — QC + RB — SA 


F = 


PE — QD + RC — SB -f TA 


G = 


pp-QE + RD — SC + TB - VA. 


&c. 

Where the law of continuation, is manifest, and where it is also evident, that 
the value of a, the first teim of the required series, must be a unit ; because, 
when x — O, then the given expression becomes l ro X 1 " X 1 * = 1 . a. e. i. 

Corol. 1. — If a be taken = 1, and n, p, q, &c.. each = O; then will? = m, 
o = m, r = m, &c. And therefore 
A = 1 ; b = m; 2c — t/ib — ttia ; 

3d = me — «ib + via = me — 2c; 

4k = mv -* me + bib — «!A = ?«d — 3d 


&c. 

, m.m — 1 c x m — 2 m.m — l.m — 2 e x m — 3 

Consequently c = — - — , d = — £3 , e — 

CT.Bt — 1 — 2 M — 3 ^ 

2.3.^ 

. . . „ , , m.m — 1 o 1 m.m — l.m — 2 3 0 , . , 

Hence, m this case, 1 + mx -j — x H £5 x &c.(r= a+bjt+ 

c g? &c.) = (1 + x ) m: which, series is the same with that given, by Sir Isaac 

Newton. 

Corol. 2. — If a be taken = ^P = pV- c ') and z = i ; then: will. the. 
proposed expression be transformed to 

+ “) ra x (1 + zY x (1 + jY x (1 + 

VOL. X.. S 
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Also p = mx + n(3 + Pv + &c. 
a — itiol 1 -J- n,3 a + py 1 + &c. 
r — -I - nft 3 -j- Py 3 "h &c. 

&c. 

And consequently (1 + j) m X (l + *)* X (l + V -) p X (1 + 7 )* &c. = a + 

®- 4 - £ + p &c. where a = 1 , b = pa, c = P - B - ~ QA &c. as before. Which equa- 
tion or theorem answers in case of a descending series. 

Corol. 3. — Hence, if each of the quantities m, n, p, &c. be taken equal to 
unity, and their number be denoted by v; then will 

(I.+ 7) X (1 + 7) x (1 + j) X (l+j) &c. be = A + j + i +5&C. 
Which equation, multiplied by z v , gives (z + «) X (z + (3) X (z + y) X (z-W) 
&c. = az v -f bz -1 ' -1 + cz v ~* + dz - "" 5 &c. 

Whence it appears, that (z — «) X (z — (3) X (z — y) X (z — i) &c. is = 
az v — bz v ~' + cz' 1 ’ -4 — dz' 1 ' -3 &c. Where a = 1, b= pa, c = 

— ~ d = PC ~ &c. as before ; p being in this case = sum of all the 

•quantities *, (3, y, S, &c. a = the sum of all their squares ; r = the sum of 
their cubes, &c. &c. 

Corol. A . — Since *, (3, y, S, &c. are the roots of the equation, z v — bz w_i + 
cx v ~* — d z v ~ 3 , &c. = 0 ; it follows, that, if b, c, d, e, &c. be given; the sum 
of those roots (p) ; the sum of their squares (a), and the sum of their cubes (r) 
Zee. will also be given from the foregoing equations : whence will be had 

p = B 

a = + pb — 2c 
r = — pc + aB + 3d 
s = + pd — ac + — Ab 

T = — PE + QD — RC -f SB + 5 f 
&C. &C. 

where the law of continuation is obvious. 

These values are the same with those given (without demonstration) by Sir 
Isaac Newton, in his Universal Arithmetic, for finding when some of the roots, 
of an equation are impossible. 

Prod. 2 . — To find a series expressing the value of 

(1 + x - y * x (1 + J-V x (1 + 7)' X (1 + 7>,&c. 


By putting u — (l + J) w , w = (1 + 7)*, &c.; and proceeding as in the last 
problem ; there will be had 
i=£x(l-7 +£-? & <L) 
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= + £-£&c.) 

&c. &c. 

Whence, making 
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m m in m , 3p »i , 2« 4a m . 5r 0 . 

p = a = - — —, r = - + sss-j + r- r»Ts=--f-, &C. and as- 

<r «* 6 a 3 1 c <r ' o* « ' a* 1 c 7 

suming a + ex + ca?* + d # 3 + ex*, &c. to express the series sought, the several 

values of a, s, c, d, &c. will be exhibited by the very equations brought out in 

the resolution of the preceding problem. 


V. On the Use of the Bark in the Small-pox. By Geo. Bayly , M. D., p. 27. 

An account is here given of a gentlewoman of a fat, corpulent habit, who at 
the age of 73 had the small-pox in the natural way. During the first 3 days of 
the eruption the patient went on well ; but on the 8 th day the pustules were at a 
stand ; they sunk in, and her life was despaired of. At this period Dr. B. di- 
rected blisters to be applied to the legs, and prescribed 3SS. of the powder of 
Peruvian bark, and a few grains of serpent. Virginiana every 3 hours ; by the 
use of which the pustules were made to rise and brought to a maturation. The 
bark and serpentaria were afterwards given in decoction. By a long continuance 
of these medicines (with the use of the lancet once, and with the help of occa- 
sional purges) the patient was restored to health. 

To this is subjoined the case of a healthy young man, who, in July 1746, 
had the small-pox by inoculation. The eruption came on at the right time ; but, 
3 or 4 days after, in dressing the incisions, 3 or 4 purple spots were observed 
about them, which occasioned Dr. B.’s being called in. The pustules, which 
were very numerous, were here and there livid, and in the arms and thighs of a 
dark colour, tending towards a mortification. He immediately prescribed 3S8. of 
bark to be given, and repeated once in 3 hours; which was accordingly done 
for 1 1 days successively ; during which time he took 47 doses of bark, viz. in. 
all, 3 oz. wanting £ a dr. 

VI. A Method of making Artificial Magnets without the Use of, and yet far su- 
perior to, any Natural ones. By John Canton,* M. A., andF. R. S. p. 31. 

Procure a dozen bars ; 6 of soft steel, each 3 inches long, one quarter of an 


* Mr. Canton, a very ingenious natural philosopher, was bom at Stroud, in Gloucestershire, 
1718; where his father, a broadcloth weaver, at a proper age put him to learn his own business. 
Bat yoang C. having at school acquired some knowledge in the elementary branches of mathematics, 
and a taste for philosophical subjects, he spent his time by stealth in reading books of that kind. 
His singular habits and early acquirements procured him the notice of several learned men, and 
among others the Rev. Dr. Henry Miles of Tooting, who prevailed on the father to permit the 
young man to come 19 to London to try his fortune there ; which he accordingly did in 1737, when 
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inch broad, and T V of an inch thick, with two pieces of iron, each half the 
length of one of the bars, but of the same breadth and thickness ; and 6 of hard 
steel, each 54 - inches long, half an inch broad, and T V of an inch thick, with 2 
pieces of iron of half the length, but the whole breadth and thickness of one of 
the hard bars : and let all the bars be marked with a line quite round them at 
one end. 

Then take an iron poker and tongs, or 2 bars of iron, fig. 2, pi. 3, the larger 
they are, and the longer they have been used, the better ; and fixing the poker 
upright between the knees, hold to it near the top one of the soft bars, having 
its marked end downward, by a piece of sewing silk, which must be pulled 
tight with the left hand, that the bar may not slide : then grasping the tongs 
with the right hand a little below the middle, and holding them nearly in a ver- 
tical position, let the bar be stroked by the lower end, from the bottom to the 
top, about 10 times on each side, which will give it a magnetic power sufficient 
to lift a small key at the marked end : which end, if the bar was suspended on a 
point, would turn toward the north, and is therefore called the north pole, and 
the unmarked end is, for the same reason, called the south pole of the bar. 

Four of the soft bars being impregnated after this manner, lay the other two, 
(fig. 3) parallel to each other, at the distance of about one-fourth of an inch, 
between the two pieces of iron belonging to them, a north and a south pole 
against each piece of iron : then take 2 of the 4 bars already made magnetical, 

he articled himself for 5 years as an assistant to Mr. Watkins, master of the academy in Spital-square : 
on the expiration of which period, in 174-2, he was taken into partnership with that gentleman, 
whom he afterwards succeeded in the school, and there continued till the time of his death, io 1772, 
in the 54th year of his age. , , 

Mr. C. being a man of very genteel and modest behaviour, he gained the respect and acquaintance 
of the most eminent philosophers of his time j with whom he ardently entered on the pursuit and 
improvements of the then fashionable topics in philosophy ; as electricity, magnetism, lightning, 
dec. in many branches of which he made considerable improvements and discoveries. In 1749 he 
was engaged, with his friend Mr. Robins, and Mr. Ellicot, in making experiments on the height to 
which rockets can ascend, and the distance at which their light can be seen. His paper above 
printed, on making artificial magnets, procured his election as a fellow of the n. s.and the present 
of their gold medal: and the same year he was complimented with the degree of m. a, by the 
university of Aberdeen. And in 1751 he was chosen one of the council of the r. s. an honour 
v/hich was twice repeated afterwards. In 1752 he, first of any person in England, verified Dr. 
Franklin's hypothesis of the similarity of electricity and lightning, by drawing electric fire from the 
clouds during a thunder storm. Next year also he communicated to the r. s. another discovery of 
this kind, viz. the negative and positive states of electricity among the clouds ; a discovery also just 
made in America by Dr. Franklin. In 1762 Mr. C. communicated his curious experiments on the 
compressibility of water ; for which he was a 2d time honoured with the r. s.’s gold medal. Num- 
berless other ingenious papers were written by Mr. C. and published in the Philos. Trans, as well as 
several dther periodical works : a particular account of which, and many other circumstances in Mr. 
Canton’s life, may be seen in Dr. Hutton’s Dictionary of Philosophy and Mathematics. 
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and place them together, so as to make a double bar in thickness, the north 
pole of one even with the south pole of the other; and the remaining 2 being 
put to these, one on each side, so as to have 2 north and 2 south poles together, 
separate the north from the south poles at one end by a large pin, and place 
them perpendicularly with that end downward, on the middle of one of the 
parallel bars, the 2 north poles towards its south, and the 2 south poles to- 
wards its north end : slide them backward and forward 3 or 4 times the whole 
length of the bar, and removing them from the middle of this, place theimon 
the middle of the other bar as before directed, and go over that in the same man- 
ner ; then turn both the bars the other side upward, and repeat the former ope- 
ration : this being done, take the 2 from between the pieces of iron, and placing 
the 2 outermost of the touching bars in their stead, let the other 2 be the outer- 
most of the 4 to touch these with : and this process being repeated till each pair 
of bars have been touched 3 or 4 times, over, which will give them a considerable 
magnetic power, put the half dozen together after the manner of the 4 (fig. 4,) 
and touch with them 2 pair of the hard bars, placed between their irons at the 
distance of about half an inch from each other; then lay the soft bars aside; 
and with the 4 hard ones let the other 2 be impregnated (fig. 5) holding the 
touching bars apart at the lower end near T V of an inch, to which distance let 
them be separated after they are set on the parallel bar, and brought together 
again before they are taken off: this being observed, proceed according to the 
method described above, till each pair has been touched 2 or 3 times oyer. But 
as this vertical way of touching a bar will not give it quite so much of the mag- 
netic virtue as it will receive, let each pair be now touched once or twice over, 
in their parallel position between the jmns (fig. 6) with 2 of the bars held hori- 
zontally, or nearly so, by drawing atroe same time the north of one from the - 
middle over the south end, and .the south of the other from the middle over the 
north end of a parallel bar ; then bringing them to the middle again without 
touching the parallel bar, give 3 or 4 of these horizontal strokes to each side. 
The horizontal touch, 'after the vertical, will make the bars as strong as they 
can possibly be made : as appears by their not receiving any additional strength, 
when the vertical touch is given by a greater number of bars, and the horizontal by 
those of a superior magnetic power. This whole process may be gone through in 
about half an hour, and each of the larger bars, if well hardened,* may be 

* The smith’s manner of hardening steel, whom Mr. C. chiefly employed, and whose bars haver 
constantly proved better than any he could meet with beside, is as follows: having cut a sufficient 
quantity of the leather of old shoes into very small pieces, he provides an iron pan, a little exceeding' 
the length of a bar, wide enough to lay two side by side without touching each other or the pan, and 
at least an inch deep. This pan he nearly half fills with the bits of leather, on which he lays the' 
two bars, having fastened to the end of each a small wire to take them out by : be then quite fill g 
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made to lift 38 Troy ounces, and sometimes more. And when these bare are 
thus impregnated, they will give to a hard bar of the same size, its full virtue in 
less than 2 minutes : and therefore will answer all the purposes of magnetism in 
navigation and experimental philosophy, much better than the loadstone^ which 
is well known not to have sufficient power to impregnate hard bars. The half 
dozen being put into a case (fig. 7) in such a manner, as that 2 poles of the 
same denomination may not be together, and their irons with them as one bar, 
they will retain the virtue they have received . but if their power should, by 
making experiments, be ever so far impaired, it may be restored without any 
foreign assistance in a few minutes. And if, out of curiosity, a much larger set 
of bars should be required, these will communicate to them a sufficient power to 
proceed with, and they may in a short time, by the 6ame method, be brought 
to their full strength. 

FIT. An Aurora Borealis observed at the Hague, Feb. 27, N. S. 1750. By 
Peter Gabre , J. V. D. Phys. Astron. et Math. From the Latin, p. 39 . 

This very luminous aurora borealis was in the form of an iris, the extremities 
of which extended from the eastern horizon to the west, and its top towards the 
south near the zenith, rising near 80° above the horizon. Its breadth at the 
vertex was about 2°, but narrowed to cusps at the two extremities. The 
middle of the arc emitted a strong white light ; but weaker towards the sides. 

Fill. Further Observations on the Cancer Major. By Mr. Peter Collinson , 

F.R.S., p. 40. 

That the cancer major, and all species r of crabs, cast their shells,- is certain ; 
but at what season of the year, or how frequently, is not exactly to be deter • 
mined ; but it is believed to be annually at the beginning of the summer, sooner 
or later, according to the greater or less strength of the crab. 

There is in the under part of the shell a suture in the form of a crescent, 
■which retains a part of the shell of the same figure. At the time of casting the 
Old shell, this suture opens, and leaves a space sufficient for drawing out the 
whole body ; after which the thorax drops its breast-plate, and then the legs 
quit their crastaceous coverings. The carcase now is left inveloped with a soft" 
skin like wet parchment. In this helpless state the crab is incapable of moving, 
but it lies at the bottom of the sea, between the rocks, till its new shell ac- 
quires a sufficient hardness and consistence, fit for its defence, and its limbs 
grow strong enough to bear its weight, and carry it about, to perform its ne- 

the pan with the leather, and places k on a gentle flat fire, covering and surrounding it with char- 
coal. The pan being brought to somewhat more than a red beat, he keeps it so about half an hour, 
and then suddenly quenches the bars in a large quantity of cold water.—Orig, 
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cetsary functions; while the old shell is left in two parts, that which 
covered the body in one part, and that which covered the breast and legs, in 
another. 

It happens sometimes that the shell hardens prematurely. In this case the 
poor animal is made a prisoner, being so cramped, that he cannot disengage 
himself from his hiding-place, till found by the fishermen, and set at liberty by 
moving the stones from about him. It is surprizing to consider how a creature 
can live knag confined without any aliment, and yet increase in its dimensions. 
But that the crab wilt subsist without a sensible decay in the fishermen’s pen- 
pots,* for the space of some months, is very certain. The more healthy and 
thriving a crab is, the more frequently he casts his shell. But, if he becomes 
sickly and wasting, the old shell remains on him, till such time as he recovers 
Strength and vigour to cast it. 

When the fishermen take a crab, that is not in a good condition, they return 
it into the sea, rind often mark it on the back with a sharp-pointed iron, or 
top of a knife ; and this mark not only remains on the old shell, as long as 
it continues on, but is found io the same manner impressed or serrated on 
the new shell; a very strange and surprizing phenomenon, hut I am assured 
it is fact. 

If a crab receives a small wound in the very extremity of the claw, he 
generally Meeds to death, or pines away by slow and insensible leaking of 
the vital moisture. But if he receives any considerable wound or hurt, that 
gives him pam, he instantly throws off the offending member, and all is 
safe, and a new limb soon succeeds to make it again perfect. The leg is 
always thrown off at the same joint ; the blood is stopped by the membrane, 
that lines that articulation, contracting itself in the form of a purse. 
If a crab be brought near the fire, he throws off the legs, which feel a pain- 
fal beat. In like manner if a crab be thrown into hot water, he casts off all 
hi* kg* together. For which reason, when they are to be boiled, they put 
them into the pot in cold water, and let it warm very slowly; till the creature 
giaduatydie. 

fcbsfer casts its shell much in the same manner as the river crayfish, 
ipe a species of fresh water lobsters. 

IX. An Actatmi of i hr Right Han. Horace Wolpak^p drawn tip by Himself. 

Dated April 1750. p. 43. 

Mr. W. here states, that Lord Barrington having heard of his complaint, 

* These are cages m the sea, Black with willow- twigs to keep the crabs in. — Orig. 

* Brother to the celebrated statesmen Sir Robert Welpele, end trade to the late Horace Walpole 
(Lord Orford)* He died in 1757* fuxax hie eattiest jeaca (observes Mi. Cose in his Memoirs of 
VO L. X. 54 


Digitized by ^.ooQie 



136 philosophical transactions. [anno 1731. 

sent him the 5 th vol. of the Edinb. Medical Essays, containing Dr. Whyttis- 
account of the good effect which the taking of soap and iimewater had had irv 
cases similar to his; with ingenious reflections and directions relating to that 
cruel disease, and the remedy for it. He read them with great satisfaction, 
and would have immediately fallen into that method, but his relations, touched 
with the fatal effects, which Dr. Jurin’$ lixivium* had had on die late Lord 
Orford, would not suffer him to follow his own inclinations. But while he had 
a severe fit upon him, he was visited by the Earl of Morton, who, on hearing 
what was his disorder, gave him an account of the powerful benefit and entire 
curb, which Mr, Summers had found in voiding the stone, that had tormented 
him for many years, by adding lime-water to the soap, which he had taken for 
some time without any success. 

This example, by the encouragement of Mr. Graham, his apothecary, fixed 
his resolution to follow that method; and accordingly before he left the town, 
he often perused Dr. Whytt’s Essay relating to the stone. In March 1747-8, 
he began at first with taking every day 4 oz. of Alicant soap, made up into pills 
with the syrup of marshmallows, and drank upon it about a pint of bme.water 
made of oyster-shells; mixing a spoonful of milk with it, and drinking a spoon- 
ful after it, to take away the nauseousness of the tastes. 

On the road as he went into the country m Mby 1748, he had a most severe 
fit at Newport, making bloody water, with frequent interruptions at short in- 
tervals, attended with violent pains, which continued on him to such a degree, 
that he could not endure the horses tft go more then a foot-pace fori about 70 
miles, till he came home. After his arrival there he was tolerably well for some 
days; but the least motion in a coach, or even in walking, brought the dis- 
order upon him. He was always entirely easy when, he lay in bed, but was ob- 
liged, when he got. up, to take his couch; and could not venture to move front 
thence bu.t on necessary occasions. In the mean time he continued to- take the 
soap and lime-water, which by. degrees he increased so for, as to take, at different 


Sir Robert Walpole, vol. i. p, 184) he had been trained to business, under Stanhope, its Sprit $ undo* 
Carleton, when chancellor of the exchequer, and secretary of state ?, under Towpshepd* at thfl con- 
gress of Gertruydenberg, and during the negociation fqr the Barrier Trpajy in 1710. At the acces- 
sion of George I., he was appointed secretary to Lord Townshend, and afterwards secretary to the 
treasury ? and, as envoy to the states general, had conducted with great skill and ability the comply 
cated negotiations which tpqk place at the Hague in 1715 and 171$. In 1 72* he was deputed asen*. 
vo y to the Hague, which post he tilled, with, great credit, and dignity* end was particularly noticed by 
George I. as a man of business and address. 

* In the medical practice of the present day neither the lixivium here mentioned, nor lime- 
water (both which, but particularly the first of the two, possess a causticity Vrhich proves hurtful to 
the stomach,) are prescribed in calculous affections? bat in their stead tbe so called soda-water, in 
which the alkaline salt is rendered mild by soper-ssturation with the carbonic add, (fixed air,) in 
which slate it dpes ugt injqrp the stomach, and may be safety continued a great length of time. 
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times 1 oz, of soap, and 3 pints of lime-water, every day, observing a very re- 
gular diet. After some months he found himself extremely easy in his ordinary 
motions ; but he never ventured to walk far, nor go af all in a wheel-carriage, 
keeping himself as quiet as he could, till he should be obliged to go to par- 
liament. 

Just before he left the country, Mr. Ranby made him a visit; and though he 
had felt no pain nor symptom of his disease for some time, he advised him not 
to hazard going to town by any means, unless it were in a litter. However, 
having caused an easy voiture to be made, he undertook the journey in -it the 
20th of November 1748, which was regulated by the horses going no faster than 
a gentle walk, and only 20 miles a day. The cold weather, and the tediousness 
of creeping so slow, made the coachman sometimes fall into a trot, which he 
perceived, but finding no inconvenience, did not check his pace. The set stages 
were observed only the last 2 days, and particularly the last day the coachman 
drove from Harlow to Whitechapel as full a trot as the horses could well go at 
any time ; and he felt not the least disorder. He took a chair at Whitechapel, 
and all that winter made use of nothing else, and continued extremely well ; 
but, about 2 months after his coming to town, he found some small uneasiness 
in making water, and in 2 or 3 days he voided with his urine something of a 
flat shape about the size of a silver penny, covered with a soft white mucus, 
which, when it was dry, was plainly of a stony substance ; and after that had 
never been troubled with the least symptom of that cruel disorder : And he found 
himself so well in the country last year, that, contrary to the advice of all his 
friends, he undertook in his coach a journey to Chatsworth in Derbyshire from 
his house in the country, at least l6o miles, to pay a visit to the Duke of De- 
vonshire, the horses going as round a trot as they could conveniently, according 
to the road ; and the last 10 or rather 15 miles, from Hardwicke to Chatsworth, 
a most rugged and rocky way, they neither spared themselves nor the horses. 
The great shocks on the stones broke the springs of the coach, but gave 
him not the least uneasiness, and he had ever after continued, with respect to 
his former disorder, as well as ever he was in his life ; but he had now and then 
voided, after he had sat a great while in the House of Commons, some red 
gravel. 

X. Extract of the Observations maae in Italy, by the Abbe Nollet, F. R. S. on 

the Grotta de Cani. Translated from, the French by Thomas Slack, M. D. 

F. R. S., p. 48. 

This celebrated grotto is described in numerous books of travels, &c. Dogs 
exposed to the gas emitted from this cavern are thrown into a state of asphyxia, 
from which, however, they soon recover on being brought into the open air. 

VOL. X. T 
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XI. A Letter from the Rev. Patrick Murdocke , F.R.S. concerning the Mean 
Motion of the Moon's Apogee, to the Rev. Dr. Robert Smith, Master of Trin. 
Coll. Camb. p. 62. 

A warm dispute arose lately at Pqris between M. de Buffon and M. Clairaut ; 
the latter pretending that the Newtonian law of attraction is inconsistent with 
the motion of the moon’s apogee ; and that its quantity ought not to be expressed 

by of the distance, but by two, or perhaps more, terms of a series, as ^ + - 4 ; 

which rew doctrine M. Clairaut had got inserted in the memoirs of the Aca- 
demy, ar.d M. de Buffon haff followed him close with another memoir, confuting 
it. At first it was impossible to judge of the validity of M. Clairaut’s reasoning, 
because he kept his calculus a profound secret. But an absurd consequence of 
his new law of attraction occurred as soon as M. de Buffon mentioned the thing, 
that, “ if we should pu-. the attraction, expressed by his two terms, of an assumed 
quantity g, and resolve the equation, there would necessarily arise 2 different 
values of the distance x, for the same attractive force.” 

Suspecting therefore, that some error must have slipt into M. Clairaut’s 
reasonings (as he himself afterwards found there had), Mr. M. tried whether, 
by an arithmetical calculation from Sir Isaac Newton’s propositions only, the 
motion in question might not be accounted for. By Mr. Walmesley’s ingenious 
treatise on the same subject, it appears that however M. Clairaut’s hypothesis is 
given up, yet a notion still prevails as if Sir Isaac Newton’s propositions, con- 
cerning the motion of the apsides were mere mathematical fictions, not applicable 
to nature. The following calculation however of Mr. M. shows the contrary.. 
Of the mean Motion of the Mooti's Apogee, according to Sir Isaac Netvton. 
The rule given by Sir Isaac Newton, in the 9th section of his first book, is to 
this purpose : 

l . That, supposing the common law of* attraction, and that a central body t 
attracts the body p, fig. 8, pi. 3, revolving round it in an orbit nearly circular, 
with a force as unity ; if to this be added a constant force, whose ratio to the 
former is expressed by c ; then the angular velocity of the body r, in an immove- 
able plane, will be to its angular velocity, reckoned from the apsis of ks orbit, 

in the subdublicate ratio of 1 + c to 1 + 4 c, or as y' j-j— ~ to unity. And there 
fore, if a represent any arc described by the revolving body in an immoveable, 
plane, then a X V | will be the corresponding arc in its orbit, reckoned 

from the apsis. And their difference a X ( V * *-* c — 1 )> will be the regress of the 
apsis. But if the force of the central body t be diminished by some constant 
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force as c, then the sign of c is changed in these expressions ; jmd the direct 
motion of the apsis will be A X (1 — ')• 

2. And hence, if some foreign variable force, added to, or subtracted from, 
the central force of attraction, produce a given motion of the apsis, retrograde 
or direct ; it is easy to find a constant force as c, which should produce the 
same motion. 

3 . Let s represent the sun, at an immense distance, t the earth, (supposed, 
for the present, at rest) p the moon’s place in her orbit adbc, in which c, d, are 
the quadratures, A, b, the syzygies : then if pk, parallel to ab, and cutting tc 
in k, be produced till kl is double of pk ; and lm parallel to pt meet ab pro- 
duced in m ; lm and mt will represent the disturbing forces of the sun, by which 
the moon is urged in the directions pt, mt. See Princip. lib. i. prop. 66, and 
lib. *iii. prop. 25; 26. And if tr be made perpendicular to lm, the force mt 
shall be resolved into two forces as rt and mr ; of which the latter, mr, taken 
from lm, reduces the disturbing force, in the direction pt, to their difference lr. 

4. Put now pt (= lm) = 1 ; pk, the sine of the arc pc = s: and then tm 
(= pl = 3«): mr :: I : s; that is, mr = 3s 1 , and lr, the disturbing force in 
the direction pt, is as 1 — When cp, the moon’s distance from the quadra- 
ture, is an arc of 35° 15' 52", in which case 1 — 33* = O, / and r coincide ; and 
the disturbing force vanishing, the line of the apses becomes stationary. But if 
the moon’s distance from her quadrature be still greater, as at v, then exceeds 
px; and their difference Af is a force represented by — (l— 3 s' 1 ), acting in the di- 
rection T:». This force, at the syzygies, is double of tc. 

5. Hence, and from § 1, it follows; that c being the sun’s disturbing force 
in the direction ct, at the quadrature ; at any other point, as p, it will be 
+ c X (l - 3$ 2 ). And that writing for c the variable quantity c X (l — 3 s' 1 ), 

and A for the fluxion of the arc cp, the fluent of a X •/ 1 — S* ve 

the motions of the apsis. 

6. The quantity c being - rf ; - §; T of the earth’s mean attractive force at the 
moon ; by computing as above, it will be found, that while the moon moves 
from c to p, through an arc of 35° 15' 52", the total regress of the apsis is to 
the arc cp, as .005404 ( =s n) to unity ; and that the sum of its direct motions, 
while the moon moves from p to a , is to the arc px, as .0105707 (= n ) to 
unity. It will be found likewise, by the inverse operation hinted in \ 2, that 
putting k = .00362552, and k = .0069611 ; + k and — k are forces, which 
acting constantly, the one from c to p, the other from p to a, would produce 
the same motions of the apsis. 

7. The quantities k and k might have been found, pretty near the truth, only 

t 2 


Digitized by ^.ooQie 



140 


PHILOSOPHICAL TRANSACTIONS. 


[ANNO 1751. 

by summing the ordinates l/.s, or 1 — 3s l , on the arc a : in which case we 
should have had h — c X .648869 = .00370925, and K = c X 1.24QJ8 =, 
.006939 : and the motions thence computed would not have been much dif- 
ferent from their just, quantity. This however is mentioned, not as if the me- 
thod itself were sufficiently exact; hut to show that if hereafter, in cases where 
the limits of the forces arc incomparably narrower, we shall, instead of summing 
the momenta, make use of a mean force determined in a like manner, there is 
no sensible error to be apprehended. 

8. Hitherto we have considered the body t, round which p revolves, as qui- 
escent ; and it is thus that authors have always considered it : though the case in 
nature, to which they meant to apply Sir Isaac Newton’s rule, is widely different. 
The earth and moon revolve about their common centre of gravity; their dis- 
tances from which being inversely as their masses, and the forces, by which either 
is attracted by the other, as also the forces of the sun to disturb their motions, 
being in the same ratio; it follows that the earth, in her motion round the 
common centre of gravity, will suffer disturbances every way similar to those of 
the moon. And the whole motion of the apsis of the moon’s orbit, resulting 
from the two disturbing forces, will be nearly the double of what either of them 
could produce separately, round a fixed centre. 

9. To determine this, we may conceive the earth as revolving in an orbit al- 
ready in motion from the sun’s disturbing force on the moon; the retrograde 
motion of the orbit, while the earth moves from c to p, being n X cp; and the 
direct motion, for the rest of the quadrant, being n X />a ; hence it will follow, 
that the disturbing force, = h, affects the earth’s motion through an arc of her 
orbit equal to cp X (1 + «); and the force — k acts through the arc pA x 
(1 + n). And the motions of the apsis being in the same ratios, if r be the 
regress of the apsis of the moon’s orbit (determined as in § 6) and p its progress ; 
the regress of the apsis of the earth’s orbit will be r X (1 + n), and its direct 
motion, p X (1 — n). That is, the whole motions of the apsis, resulting from 
the sun’s action on the earth and moon together, will be (# =) r x (2 + n), 
and (p =) p X (2 — n); and the motions to. be ascribed to either arc, r X 
(1 + -J-n), and p X (1 — -J-n). — Now p, found as above, being 2082^.9 and 
n = .0105707, p is 4143 // .8. And the same way, R = 1375".7‘ whose differ- 
ence p — r multiplied by 4, that is, 4 x 2768 // = 11072 // = 3° 4 ' 32 ", is the 
direct motion of the apsis in a revolution. 

First correction for the moon's variation. Fig. 9- — 10. In the foregoing cal- 
culation”, it is supposed, that the moon’s orbit is nearly circular, more nearly 
indeed than it possibly can be, even abstracting from its excentricity. For though 
the moon had been projected with a direction and force to make her describe 
a circle round the earth, as eol, the action of the sun would have changed this 
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orbit into an oval, as oadbc; whose greatest diameter, passing through the qua- 
dratures cd, is to the least, as 7 <Vt to f>9-rT- The reason and determination of 
which we have in Princip. lib. iii, prop. 2 6, 28. 

11. That this action of the sun, and the figure resulting from it, must lessen 
the mean motion of the apogee, is easily shown. For let p be the moon’s 
place in her orbit, when the apsis is stationary; and eol the circle of her mean 
motion, cutting the orbit very near the octant o, and pt in o; then the accele- 
rating forces of the earth At p and o, being inversely as the squares of pt and ot, 
and the sun’s disturbing force at the points p, o, being in the simple direct ratio 
of the same lines; ot being given, the ratio of the sun’s disturbing force at the 
point p, to the earth’s accelerating force at the same point, that is, the quantity 
c in the theorem, will be as the cube of the distance pt; and, a fortiori, in 
every point of the orbit, from the quadrature c to p, will exceed the mean force 
at o, and its effect in producing a retrograde motion of the apsis will be greater. 

For the remaining part of the quadrant, where the motion of the apsis' is 
direct, the force c is indeed greater than its mean quantity from p to o; but, 
through the whole octant oa, it is continually decreasing as the cube of the dis- 
tance from t ; hence, on the whole, that foroe, and its effect, from p to a, fall 
short of their mean quantities at o. Seeing therefore the direct motion is dimi- 
nished, and the retrograde increased; their difference, that is, the direct motion 
in the quadrant cfa will be diminished. 

But this mean motion will be diminished somewhat also from the inequable 
description of the areas (in prop. 26, lib. iii) ; on which account, the cubes of 
the distance pt must be every where increased, or diminished, in the duplicate 
ratio of the moments of time in which a given small angle is described, to the 
mean moment at the octant.* 

12 . By computing from these principles, it will be found: 1. That the angle 

ctp, which was of 35° 13' 52" in the circle, will, in the oval orbit, be dimi- 
nished to 34° 43' 34". 2. That the ratio of the mean of the cubes of the 

moon’s distanoes in the arc cp, to the cube of the mean distance, will be ex- 
pressed by 1.023916 (= g), and the like ratio, in the arc pa, by .9852467 
(= ti). 3. Multiplying therefore the forces h and — k, found in \ 6, by g and 

* To express the distance pt by s the sine of the angle ctp, in an ellipsis not very eccentric j, 
from any point p draw pk an ordinate to the axis cd, and meeting the circumscribed circle in m;. 
draw likewise m f perpendicular to tp produced. Then putting tc = I, n = f/, 

1 ~ d 3 =/* by conjoining the ratios of tp to pk, pk to pm, pm to pf, it will he tp = p ?— : in 
-which, for the variable numerator t f y we might, because of the smallness of the angle ptm, write 
uoity; but taking it rather of its mean quantity m (= . 9999 87 in the moon’s orhit) the distances, 
whose cubes are to be summed, wi|l be ■ * And the ratio of the moments of time to the mean, 
moment, is that of 110.23 to 10^.7 i + s 2 , by prop. 26 , lib. iii. — Orig.. 

1 * 
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by h, substituting the products for c, in the formula, with the arcs cn, and no, 
respectively, and finishing the operation as for the circle, the regress in a peri- 
odical month will be 5548 7 .3, and the progress l648Q*.8 : whose difference is the 
direct mean motion sought, 3° 21" 2±'. 

,13. But nearly the same conclusion may be obtained, and with much less 
trouble, as. follows: In the circle cgd, take cm = 35° 15' 52", and through p, 
the point where mk, perpendicular to tc, cuts the orbit, draw tpn meeting the 
circle in n. Then, if r be the regress of the apsis in a circular orbit, 

Ry / ^ will be the regress in the oval cpa. 

In like manner, having inscribed in the orbit the circle a mh, and made a' 
similar construction for the rest of the quadrant, p will be the direct mo- 
tion in the oval, p being the direct motion in a circle. 

Thus, the angle of variation mtn being (in Dr. Halley’s tables) 33' g", the 
subduplicate ratio of cm to cn will be 1.007927, and that of Am to aA, or of 
gm to gn, will be .99499, And therefore r (in § 9) will be augmented to 
1386 .6, and p diminished to 4123 ,/ ; whose difference, multiplied by 4, gives 
3° -2' 25-J-"; exceeding the fonner only by about A". 

14. The rule is founded in this, that if, from the centre t, a circular arc vf 
be described, including in the angle ctn the sector ft f, equal to the elliptic 
sector ctp, the cube of tf, the radius of this circle, may be taken for the mean 
of the cubes of the moon’s distances in the arc cp. And because the area cpt 
is to the sector cmt, as pk to km, or as ta to tc; and to or te is a geome- 
trical mean between ta and tc, it will easily appear that tf 3 : to 3 :: cm! : cn|. 
And that p, found from the tables, being (nearly at least) the stationaiy point 
in the oval, if the force h be increased in the sesquiplicate ratio of cm to cn, and 
the arc cn substituted for a in the formula, we shall, by ^ 1, find the retrograde 
motion of the apsis. 

Now when the constant force + k is given, the regress r is as the arc a; and 
when a is given, and k is but a little augmented, r is proportional to k: in general 
therefore, if h be but a little augmented, r is as k x a. Write a for the regress 
in the oval, r standing for that in the circle, already found; and it will be a : 

r :: k X (— -)^ X cn : h X cm, or a = r X V — , according to the rule. The 

'CN CN 0 

like reasoning for the direct motion. 

Second correction for the excentricily. Fig. 10. — 15. This equation is incon- 
siderable, because, though the ratio of the disturbing force, when the moon is 
at a greater than her mean distance, is more increased than it is diminished in 
the opposite points of her orbit ; this increase is very nearly compensated by the 
comparative smallness of the angular velocity. Let ad a represent the moon’s 
elliptic orbit, whose centre is c, its axes a a, r d, the mean excentricity ct, and 
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the circle of her mean motion md md, cutting a a in m and m. Then, because 
it is a mean motion we seek, generated while the axis a a passes through all its 
different aspects of the sun ; we may conceive the direct motion already found, 
of 3° 'if ‘21V', to be produced by a constant disturbing force — k, acting on the 
moon a3 she revolves in her circular orbit m nmd-, and we have only to inquire 
how much this force, and its effects, are to be increased, the moon really moving 
about the same centre t, in the elliptic arc ad ; and how much diminished in the 
arc Da. 

16. For which purpose, the constant force k is to be increased in the ratio of 
the mean of the cubes of the moon’s distances, in the arc ad, to the cube of 
td or ca, and diminished as the mean of the cubes of the distances in d«. Let 
the forces resulting be k X g and k X h; and these being substituted in the 
formula, with the arcs 2dm, or 2d m, respectively, the sum of the motions found 
will be the whole mean motion of the apogee, including the correction for the 
excen tricity. 

Now k will be found to be .00557337, and the excentricity tc being .05505, 
and a the quadrantal arc to radius 1 ; the ratio g, or, which is the same, the 
sesquiplicate of the time in which the elliptic arc ad is described, to the time in 

the circular arc dm, that' is, (~~)^> will be 1.110942; and h = 

= .9001387; hence the whole motion, found as above directed, will be 10962* 
= 3° Of 42*; the correction, on account of the excentricity, being only 2 1*. 

Multiply 3° 'if 42* by 1.080853, and the product 3° 17' 28* is the mean mo- 
tion of the apogee, in a synodical month; exceeding the quantity marked in the 
tables by no more than 4*. 

17. Of the obliquity of the moon’s orbit, to the plane of the ecliptic, we take 
no notice; because though, absolutely speaking, a force in that plane, referred 
to the moon’s orbit, would thence be diminished by about tVott parts; yet, in 
the present case, the effect of the obliquity is included in the first determination 
of the quantity c, from the periodical times of the earth and moon ; all but what 
belongs to the corrections; and which is only 110*. X . 003 = O* .33, to be 
subtracted. 

18. The force c is itself the effect of the sun’s parallax, and the total effect; 

excepting only a small difference between *his action on the moon, when 6he is 
waxing or waning, and when she is in the other half of her orbit ; neglected as 
altogether inconsiderable. , 

On the whole, we may conclude, that, in this, as in the other phenomena of 
the celestial motions, the principles and rules of Sir Isaac Newton are fully con- 
firmed and verified 
3 
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XII. Experiments made on a great Number of living Animals , with the Poison 

of Lamas , and of Ticunas .* By Mons. Herissant, M. D., and F. R . S. 

Translated from the French , by Tho. Stack, M. D. p. 75. 

Mods, de la Condamine, on his return from the voyage which he made in the 
interior parts of South America, from the coast of* the South Sea to the coasts 
of Brasil and Guiana, by going down the river of the Amazons, brought to Paris 
a small quantity of a very dangerous poison, much in use among the Indians of 
Lamas, -j- Ticunas, Pevas, and also among the Yameos, who all extract it by fire 
from divers plants, especially from certain plants which the French call Hanes. 

Those savages are very dexterous at making long trunks, which are the most 
common weapon used by the Indians for hunting. To these they fit little arrows 
made of palm-tree, on which they put d little roll of cotton, that exactly fills 
the bore of the tube. They shoot them with their breath, and seldom or never 
miss the mark. This simple instrument advantageously supplies x the defect of 
fire-arms among all those nations. They dip the points of these little arrows, as 
well as those of their bows, in this poison; which is so active that in less than a 
minute, especially when fresh, it kills certain animals, from which the arrow has 
drawn blood. 

Mons. de la Condamine says, in the abridged account of his voyage, that 
“ when he arrived at Cayenne, he had the curiosity to try whether this poison, 
which he had kept above a year, still retained its activity; and at the same time 
whether sugar was really as efficacious a counter-poison as he had been assured. 
Both the experiments were performed, he says, in presence of the commandant 
of the colony, of several officers of the garrison, and of the king’s physician. 
A hen, slightly wounded with one of these little arrows, the point of which had 
been dipped in the poison 13 months at least, before the trial, blown through a 
trunk, lived half a quarter of an hour; another, pricked in the wing with one 
of these arrows, newly dipped in this poison diluted with water, and immediately 

• Other experiments on the poison of Ticunas were afterwards made by the Abbe Fontana (Phil. 
Trans, vol. 70). He confirms Dr. Herissant’ s account of the deleterious operation of this poison 
(the Ticunas), when applied to a bleeding wound, or injected into a vein; but contrary to what is 
related by Dr. H. he did not find any bad effects to be produced by the vapour which arose from it, in 
boiling or burning. 

+ Lamas is a Spanish village, or little town, in Upper Peru, situated in about 7° of south latitude, 
to the west of the river of Guallaga. The native Indians of this district prepare a famous poison for 
poisoning arrows, different from that of the Yameos, Pevas, and Ticunas, Indian nations on the 
borders of the river of the Amazons, towards the mouth of the Napo, in 3° or 4-° of south latitude. 
The poison of Ticunas is the most famous of all for its activity. They say, that that of Lamas 
sooner loses its force, but that it is more proper for certain animals than that of Ticunas. And it is 
the common opinion, that that of Lamas, being mixed with that of Ticunas, becomes more violent 
and active by the mixture. — Orig. 
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drawn out of the wound, seemed to doze a minute after; convulsions soon came- 
•on, and, though we had made her swallow some sugar, she expired. A third, 
pricked with the same arrow, dipped again into the poison, having been instantly 
assisted by the same remedy, showed no signs of being indisposed, &c.” 

Mons. H. was struck with amazement on reading these facts; but his surprise 
was soon followed by a desire of repeating those experiments himself, and even 
of trying them on different sorts of animals. Mons. de la Condamine, to whom 
he imparted his intention, offered to satisfy his curiosity, and for that purpose 
made him a present of a certain quantity of this poison: and the result of the 
experiments, which he made with this same poison, forms the subject of this 
memoir. 

He begins the detail of those experiments by that of two accidents, which 
had like to have disabled him from prosecuting the work he had undertaken ; 
having very narrowly escaped death. The first accident happened thus: M. de 
la Condamine had forewarned him, that when the Indians designed to use their 
poison, which in colour, consistence, and even in smell, has a great deal of re- 
semblance to Spanish liquorice, they dissolved it in water, and then evaporated it 
on a slow fire to the consistence of a soft extract. M. H. made this preliminary 
preparation in a small' closet, in which a young lad was actually at work; and he 
did not think of making him quit it, because he did not imagine, that the poison, 
of which he intended to make trial, could produce any bad effects, without being 
introduced into the blood by the opening of a wound. Nor did he then recollect, 
what M. de la Condamine had told him ; which is, that while they are preparing 
this poison in the countiy they oblige some criminal old woman to take care of 
the boiling of this poison, after shutting her up alone in a separate place; so 
that when this woman dies, it is a sign that the poison is sufficiently boiled, and 
that it has all the qualities requisite to make it good. But he was soon made 
sensible of his imprudence: the door of the closet, where the young lad above- 
mentipned staid, was open; and from the next chamber he saw, that the lad, 
who had been there about three quarters of an hour, sat still, with his arms, 
across. He began to reprimand him for his laziness, but he excused himself by 
answering, with a trembling voice, that he was sick at heart, and felt himself 
very faint. It is easy to imagine the uneasiness which this sight gave M. H. ; 
but luckily it cost him no more than the fright. He made the lad come out of 
the closet immediately, led him down into the yard, and made him swallow a 
pint of good wine, in which he had dissolved a quartern of sugar. He reco- 
vered his strength by degrees, and was soon abfe to return to his own home, very 
merry and happy, without the least notion of the danger he had been in. Some 
days afterwards he came to M. H. and assured him that he had not felt the least 
indisposition since the day in question. 

VOL. X. U 
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. - The fact above related was shocking enough to have made M. H. abandon his 
project : however curiosity got the better of his fear, and he even took a strong 
fancy to repeat the experiment. • It would k av ® been inhuman, not to ?ay cri- 
minal, to make it on any other person but himself: therefore he resolved to run 
the risk, or . rather persuaded himself, that he should run none, because he 
should be timely enough to flee from the danger, as soon as the effect of the 
poison should come to a certain pitch. Besides, he was encouraged by the good 
success of the foregoing example. Therefore he disposed every thing as at 
the first time, and he staid in the closet. In about an hour’s time he perceived 
his legs to bend under him, and his anns became so weak, that he could scarcely 
use them. He had but just time enough to come quickly out of the closet, and 
get down into the yard; where he ordered wine and sugar to be brought him, 
as he had before done for the young lad. Such was the first danger, which ho 
incurred in preparing the American poison : the second was not inferior to it. 

After having dissolved the poison of Ticunas in water, and reduced it to the 
consistence of an extract in the manner above described, he put it into a phial , 
which he stopped very exactly, and locked up in a desk till he should have occa- 
sion to use it in the experiments he intended to make. He began these experi- 
ments on the 6th of June 1748; which w;as so hot a day, that he stripped to 
his shirt, and had his breast and arms exposed to the air. In his left hapd he 
Ijeld tiie phial, the cork of which flew up to the deling with vast rapidity. At 
the same instant there, issued out of this phial a yellowish vapour, of a very pene- 
trating smell, which was soon followed by the extract itself, that spread itself all 
over the rim of the neck of the bottle. He was so stupified at this unexpected, 
accident, that he imagined (as it was very possible) that the bottle was brpken in. 
pieces; and as soon as he saw his hands, arm?, and breast, coloured in several 
places by the poison, which had besprinkled them in the explosion, he loqked.on 
himself as a dead man: which must certainly have been the case, if the bottle 
had burst, and the pieces of glass had scratched or cut him. But luckily that. 
did not happen; and he soon resumed courage: when, after some minutes, he 
found himself quite as well as before the explosion of the poison, the effect of 
which is almost instantaneous; and it gave him no other trouble than to. wash 
and dry himself very carefully. 

From this accident he learned that this poison, thus prepared, ought not to 
be put into glass bottles close stopped, but, should rather be kept in a glazed 
earthen pot, covered with paper only; since it wps spspeptible of so great an effer- 
vescence. Therefore he, put it into a gallypot; and the experiments, which he 
iqade with this same poison a good while afterward, convinced him, that there is. 
no reason to apprehend, that it would lose any of its activity by evaporation. 
These two facts plainly show how much precaution, ought to be taken, when 
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this pbtson is to be used. And we shall be the better convinced of it, when we 
consider that one single drop, conveyed directly into the blood by a puncture, 
&c. is sometimes sufficient to kill, or at least to cause great disturbance in the 
animal economy. It is quite otherwise when taken in at the mouth ; for then it 
does no sort of mischief, as he proves in another place. 

He then proceeds to the experiments, which he had repeated a number of 
times on different species of quadrupeds, birds, fishes, insects, and reptiles. 
But he first observes, that, of all those animals, none but quadrupeds and birds 
were killed by this poison, as will more particularly appear by the journal of his 
experiments: the others, viz. the fishes,* the insects,-)* and the reptiles,^ were 
not killed, though several of them seemed to be disordered by it. 

M. H. had verified what M. de la Condamine says, in the account of his 
voyage, relating to the use that may be made of animals killed by this poison. 
Without apprehending any ill consequences to those who eat of them. In effect 
fie had eaten rabbits, which he had killed with this poison, and afterwards made 
several other persons eat of them ; and no one perceived the least indisposition. 

On the 6th of June 1748, M. H. made a small wound, of about 3 lines long,' 
in the left hinder leg of a rabbit of 6 months old : into this wound he put a bit' 
of cotton soaked in the poison of ticunas : the creature died suddenly in his 
Hands, without giving the least indication of having felt pain, and even before 
fie could apply a bandage to the wound. The same day he repeated this expe- 
riment on 8 other rabbits, and on 4 dogs : they all died in about a minute. 

The 7th of June of the same year he dipped the point of a lancet into the 
poison : and with this instrument he pricked 4 cats and 2 rabbits, some in the 
head, and the others in the paw, dipping the lancet each time that he pricked ari 
animal. The rabbits died in as short a time aS the preceding day ; but the aits 
held out about 3 minutes. 

The same day he made a small wound, about 2 lines long, in the right hinder 
leg of a rabbit, and put into it a small pledget of cotton soaked in the extract 
of opium diluted in a little spirit of wine : but this did not cause any disorder in 
the creature ; nor did arsenic, which he applied to another in the same manner. 
In fine, to a third he made use of the extract of white hellebore, and he per- 
ceived, that this animal became restless, nearly as he had observed in the ani- 
mals that died by the effect of the poison of ticunas. However, this rabbit did 
riot die, but fell into a sudden fit of fury, which went off in about 8 minutes. 

* Those which Mr. H. employed, were the carp, the eel, the pike, the gudgeon, the barbel,' 
and the tench.— Orig. 

t As caterpillars, bees, different flies of 2 and 4 wings, the grillo-talpa, butterflies, May-flies — 
<Wg. 

J For exam pie, earthworms, vipers, snakes.— Orig; • 

v 2 ; 
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He had likewise made trial of this extract on other rabbits, dogs, and cats ; and 
the effect was the same, more or less. Of all the extracts, which he employed, 
as for example those of henbane, nightshade, tobacco, &c. he found none but 
that of white hellebore that seemed to raise some little disorder in the animal 
economy. The essential oil of the lauro-cerasus did not incommode the ani- 
mals, into whose mass of blood he conveyed it, instead of the poison. 

The 8th of June, with a lancet he made a very small incision between the 
ears of a cat, and with a pencil he put into it a drop of the poison of ticunas 
mixed with that of lamas : in an instant the creature died between his hands. 

June the 9th, he put some of the same poison into small wounds, which he 
made in different parts of insects, reptiles, fishes ; and not one of them died 
o'f it. 

The same day he made a wound, that penetrated into the cavity of the abdo- 
men of a large cat, without hurting any of the contained parts ; and, with a 
crotchet holding up the integuments, to keep them from touching the abdo- 
minal viscera of this animal, that lay on its back, he introduced the end of a 
funnel, and through it poured into the cavity of the abdomen about -J- dr. of the 
poison of lamas mixed with that of ticunas. By this management he intended, 
that the edges of the wound should not be wetted with the poison, and that it 
should touch nothing but the surface of the abdominal viscera. He made a 
suture of one stitch to join the lips of the wound, and he kept the integuments 
constantly suspended, to prevent their touching the poison : and in this he was 
certain that he succeeded. At first the creature did not seem to suffer much 
from this operation ; but in an hour’s time he died, with such violent convul- 
sions in his throat, that it was almost impossible for him to breathe. 

June the 10th, he pricked with a lancet the left fore leg of a large fat cat, 
and put in a drop of the poison of the ticunas. He let this animal run loose 
about the room, without dressing the wound. By the time he had made a 
turn round the room, he seemed very restless and timorous : his legs failed him ; 
he lay flat on his belly - r and the skin all over his body trembled considerably ; 
the hair of his tail stood up, and his paws were agitated with a frightful tremor- 
All this while the animal made no noise : in fine, his head fell all at once be- 
tween his fore legs, and he died in 4 minutes after the insertion of the poison. 

June the 12th, he made the same experiment on 2 other cats, and on 3 dogs 
these animals seemed to fall sick almost in an instant : the cats had their hair 
bristled up, and their bodies gathered into a heap : they scratched the ground 
with their fore feet. The dogs did the same, and all of them had a languishing 
look, and their eyes bathed in tears ; some of them looked at him stedfastly, 
and made a mournful noise : they were seized with a shivering, and in fine they 
became paralytic in their feet only ; after which they died, turning their bead 
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very quick, to the right and left, with their mouth wide open. During this 
scene, he perceived a spasmodic contraction in all the muscular parts of the 
neck. 

July the 15th he pricked a hawk in the left claw : into the puncture he intro- 
duced a small drop of the poison of ticunas mixed with that of lamas, and then 
set the creature at liberty. From that moment it was impossible for him to fly ; 
the most he could do was to perch on a stick, which was within 6 inches of the 
ground. There he shook his head several times, as if to get rid of something 
that seemed troublesome in his throat. His eyes were restless, and his feathers 
were all bristled up. In fine, after several gapings, his head fell all at once be- 
tween his legs, and in 3 minutes he died thus with his wings expanded. He 
repeated this experiment on several sorts of birds,* and they all died with pretty 
much the same symptoms as those above-mentioned, and in as short a time. 
He made 6 of these birds swallow a good dose of sugar, before inoculating them 
with the poison : 3 of them escaped death, but the other 3 died very soon. The 
moment after inserting the poison into 4 other birds, he made them swallow a 
good deal of sugar; but that did not- prevent their dying, almost as soon as those 
that had taken none. He made other birds swallow sea-salt instead of sugar ; 
and not one of them recovered, whether they took it before or after the appli- 
cation of the poison. 

July the lOth he put a little of the same poison into a small wound he had 
made in the right fore foot of a young rabbit. The moment this operation was 
performed, he cut off that foot above the place of insertion of the poison. He 
dressed the stump, and the animal did not die. Some days afterwards, he re- 
peated this experiment on 2 large dogs, and on a lamb ; and not one of them 
died. 

July the 20th, he made a tight ligature on the right hinder leg of a young 
rabbit, in order to see, if he could thereby prevent the poison from penetrating 
too quick into the mass of blood. That done, he put a drop of the poison of 
ticunas and lamas into a small wound, which he made below the ligature : and 
the animal died in less than 2 minutes. 

July the 22d, he poisoned the point of a sword with the same poison ; and with 
this sword he pierced the left thigh of a large cat, which died in a minute, with- 
out shewing any signs of suffering. 

July the 24th, after having introduced some of the same poison into little 
wounds, made in the legs, and other parts, of several dogs, cats, foxes, and 
horses, he immediately applied a red hot iron, or burning charcoal, on the 
wounds : not one of these animals died : but this operation must be performed 
very speedily. 

• As pigeons, hens, blackbirds, sparrows, docks, geese, and magpies.— Orig. 
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' July the 3pth, he pricked a great number of rats and mice ift the feet, with a 
lancet, after poisoning its point. They all died in less than a minute, after 
being tormented with a frightful shivering, which was immediately followed by' 
an almost general palsy. The same thing happened to moles, which he made 
use of for this experiment. 

August the 6th, he made a small wound in the left hinder leg of a pig, of 3 
months old ; and then he put into it 2 drops of the poison of ticunas : this 
creature died in 6 minutes. He repeated this experiment on 2 young wolves, 
which died in the same space of time. 

August the 7 th, he cut off the tip of the ear of 6 puppies, and rubbed the part 
with the poison of ticunas : not one of these animals died of this operation. Two' 
days after, he shaved the hair off of their backs very close, and rubbed the part 
with the same poison : they all died in less than 3 minutes. 

The 10th, 11th, and 12th of the same month, into small wounds made in diffe- 
rent parts of the body of several dogs, cats, polecats. Guinea-pigs, &c. he instil- 
led 7 or 8 drops of blood, which he drew from the vena cava of a dog, which he 
had killed with the poison of ticunas mixed with that of lamas. These animals 
did not die indeed, but were plainly indisposed ; insomuch that they lost their 
vivacity, and became very sullen. Eight days after this experiment, -he repeated 
it on these same animals ; and then they became still weaker and fainter. In 
fine, the next day he made it a third time on them, when they languished 4 or 
5 days, and then died. 

August the 15 th, after having put some of the same poison into a wound made 
in the right hinder leg of 6 horses, one of which was a very vigorous stone- 
horse, he quickly bled them all in the neck ad animi deliquium : 2 of them es- 
caped with life; but those that were the weakest, and most worn out could not 
stand against this operation. Two days afterwards, he again pricked those 
horses, that did not die of the last experiment; and then they died in about S' 
minutes. 

He made the following observations on these animals, from the insertion of 
the poison to their death. The muscle, wounded by the incision made for in-" 
sinuating the poison, was contracted and relaxed alternatively, just as it happens 
in animals fresh killed : this lasted about 2 minutes ; after which these animals 
seemed restless and impatient, endeavouring to scrape .the ground with their ’ 
fore foot, which he had suspended in the air with a cord, to prevent their running 
away. Sometimes also they made a sudden effort, as if to get away, which 
lasted the space of 2 minutes ; after which they grew quiet, and amused them- 
selves with nipping the grass, but not in a natural manner. Then their respi- 
ration became very difficult ; and, though the weather was very hot, there vi- 
sibly came out of their nostrils a vapour, like that which issues in winter in the 
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time of expiration, A minute after, he observed that these horses endeavoured 
to rest the suspended leg on something : and, in another minute, he perceived 
the fore leg, that rested on the ground, beginning to grow weak, and bend ; 
which occasioned these animals to fall forward, and rise up again alternately, 
with more or less difticulty. In 2 minutes more, their hind legs grew weak, 
and bent under them, like the fore legs ; and in line, these animals fell down 
like a dead lump, without being able to rise again, though he whipped them 
heartily. Then their sides began to work, and the whole habit of the body was 
seized with a dreadful horror. He whipped them, and pricked them with a pin; 
hut ia vain ; lor they gave no sign of feeling. All the muscles of the trunk 
and extremities were become paralytic; and none retained their action, but 
those of respiration, and those of the ears and eyes. These creatures continued 
in this condition about 2 minutes ; after which their respiration became so 
operose, that each inspiration consisted of 3 successive attempts, and then fol- 
lowed a most precipitate expiration, accompanied with so violent a hiccup, that 
the body bending double, the hind legs were pulled quite to the fore legs. In 
fine, this manner of taking in and letting out breath lasted one minute; in which 
time their eyes were darkened, and death ensued. 

He opened the dead bodies of these horses, and observed as follows : the blood 
was of a deep-brown colour, and spouted out in a lull stream, which lasted near 
a mipute, both from the arteries and veins, which he cut. This phenomenon 
surprized him much, as well as the horse-fiayer, who attended him, and assured 
him that he had never seen the like. The muscles were flaccid, blackish and 
very cold. The heart was so violently contracted, that, in cutting it across, he 
cptild not see any appearance of the ventricles, till he pulled their sides asunder 
by force. The lungs and liver were stuffed with blood. 

In making the small wounds, for introducing the poison, great care must be 
taken, to avoid cutting any trunk of an artery or vein ; because, when that 
^happens, the blood that issues out, carries off a good part of the poison ; which 
makes the animal pine more or less without dying ; oc, . if he dies, it is in a • 
longer or shorter time, according to the quantity of the poison that has got into 
the vessels, and been mixed with the circulating fluid. This thing„happened to 
him in trying the experiment on a mare, whicli had been condemned to the lay- 
stall. This beast liyed about 4 hours, because the wound bled abundantly, and 
hindered the success of the experiment, for the reasons alleged above. 

November 18, he took a small steel arrow, and poisoned it with the poison 
of ticunas mixed with that of lamas. He caused this arrow to be shot into the 
right hinder leg of a bear, belonging to M. de Reaumur, which he wanted to. 
have killed, in order to put it into his cabinet of natural history. The creator^ 
immediately roared out, from the anguish of the puncture ; after which he m a<fe 
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a tour round the stable, in which he was, without seeming to be in any pain. 
Soon afterwards he fell on his side, and died in less than 5 minutes, having his 
throat squeezed, as if he had been strangled. 

M. le Chevalier de Grossee had an eagle, which he had kept a good while in' 
his court-yard, and intended to make a present of it to M. de Reaumur, to adorn 
his cabinet, but wanted to know how to put it to death without damaging the 
feathers. M. de Reaumur sent him the same arrow above-deseribed, which had 
been fresh dipped in the poison ; it was struck into the wing of this large bird, 
which dropped down dead in an instant. 

Such are the chief experim’ents, which M. H. made with the poison of ticunas 
and lamas: and the following are the results of his observations. 1. In almost 
all the animals, which he killed with the poison of ticunas and lamas, he observed, 
that in general they seemed to feel little or no pain before dying, by the action 
of this poison ; 2, That before they die, these animals are seized with a sudden 
<md almost universal palsy , 3, Though the colour of the blood seemed to be al- 
tered in certain animals, yet we ought not to draw any inference from thence ; 
because in many others the blood had undergone no sort of alteration, either in 
colour or consistence. 4. That all the muscles are so vastly contracted in the ani- 
mals thus poisoned, that there is not a drop of blood to be found in them, whatever 
way you cut into them. These muscles are clammy to the touch, and seem to ap- 
proach the condition of flesh beginning to be tainted, which feels clammy ; 5, That 
he did not know a more certain rule for determining that an animal died by the 
energy of this poison, than this state of the flesh which feels clammy immediately 
after death : but a person must have handled it more than once, if he would avoid 
being mistaken ; 6, That the whole mass of blood, during the action of the poison, 
is carried in abundance into the liver and lungs. 7* That neither sugar nor sea- 
salt ought to be regarded as a specific antidote ; because the poison operates so 
quick, that it does not allow time for these drugs to act, so as to prevent death. 
He had found nothing but red-hot iron applied in time, that cures with sufficient 
certainty; 8, That the more the animal is of a lively and sanguine constitution, 
the more speedily and forcibly the poison acts ; 9, The lustier and fatter the 
animal is, the more poison and time also are required for producing the expected 
effects. 

He remarks, that the poison must be dried on the instrument, before it be 
struck into the animal, which we intend to kill: for if it be liquid, it remains on 
the outside of the wound, while the instrument penetrates into the flesh : in 
which case, either the animal dies not at all, or at least with great difficulty : as 
it happened with regard to a wolf, which did not die, though the arrow above • 

mentioned was stuck into one of his thighs ; because the poison, which it re- 
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tained from thie -dip, continued liquid, and remained on the outside of the wound 
made by the arrow in piercing the flesh. Therefore time must be allowed for 
the poison to become hard on the instrument, which is intended to be used ; 
that so, entering fnto the wound together with the weapon, it may be there di- 
luted, and carried in the course of the circulation to those parts which it must 
effect, in order to cause death. 

XIII. The Case of a Woman , from whom the Bones of a Fetus were extracted. 

By Mr. Thomas Debenham, Surgeon, at Debenham in Suffolk , p. 9'2. 

On the 25th of April 1749, this woman, aged about 34 years, being preg- 
nant of her 8th child, had all the symptoms of a woman in labour. Accord- 
ingly a midwife was sent for ; who, from the violenoe of the pains, expected 
that she would soon be delivered ; but, to her great surprize, nothing ensued 
but a loss of blood, and the pains were considerably abated. A fever immediately 
came on, which cast her into an excessive faintness, and loss at strength, ac- 
companied with a nausea. 

May 2(3, Mr. D. was desired by her husband to visit her ; and by the ac- 
count she gave him he much suspected that she must have miscalculated with 
regard to her time ; and he proposed to examine her: but she, out of a mis- 
taken modesty, not complying, he contented himself with cooling injections, 
mikl cathartics, and cordial powders, &c.; by the use of which medicines she 
got better ; and, on the 2()th of March following, undertook to walk a journey of 
15 miles. 

He heard no more of her for some time; but on the 27th of April 1750 the 
pains returned, very much like those of labour ; which obliged her husband to call 
Mr. D. out of bed. He immediately gave her an anodyne, which abated her 
pains, and composed her to rest. 

On the 14th of May she felt a pricking pain in her navel, with a swelling and 
redness, which in a few days appeared like a boil ; when, being desired to in-, 
spect the tumour, he applied an emollient cataplasm . The next morning, on re- 
moving the dressings, a fetid matter ensued ; then dilating the small sinus with' 
the scissars, the scapula of a foetus presented itself. On the 25th of July, by 
the direction of a physician, he undertook, by making a circular incision round 
the navel, to enlarge the orifice into the cavity of the abdomen, in order to ex- 
tract the foetus that way : but the woman being very weak, and much emaciated, 
he could only take off the scapula. 

The next day, he extracted one whole arm, some ribs, part of the vertebrae, 
Sic. and the day following the greatest part of the remaining foetus, except the 
cranium, which seemed to adhere to the intestines. This determined him to 
proceed- very cautiously, and not to attempt the removal of it at once, but piece- 
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meal, and by degrees, as opportunity would permit; which he did with his for- 
ceps : but, notwithstanding all his care, the sharp edges of the broken pieces of 
the cranium tore the intestines, so that the faeces issued from the wound at every 
dressing for several weeks together. 

The wound was daily dressed with dry lint, spirituous fomentations, and ca- 
taplasms. Injections, made of sack and warm water, were found of great use, 
thrown in in large quantities ; and (what was well worth observation) several 
parts of the bones, as the tibia, fibula, &c. were discharged by the vagina. 

By the means above-mentioned, and proper bandages, the wound was tho- 
• roughly deterged, incamed, and, by the use of epulotics, completely cicatrized ; 
and the woman was perfectly recovered, and afterwards grew fat. 

After the discharge of the whole foetus, the patient had milk in her breasts, as 
on a natural delivery. 

XIV. New Discoveries relating to the History of Coral,* by Dr. Fitaliano Do- 

nati.^c Translated from the French, by Tho. Stack. M. D. F. R. S. p. 95. 

Coral is a marine vegetation, in shape nearly resembling a shrub stripped of 
its leaves. It has no roots, but is supported on a broad foot, or basis, which 
adapts itself like wax, and sticks to any body in all its parts, so firmly, that it is 
impossible to disengage it. The shape of this foot is not always the same; but, 
it mostly approaches to rotundity, as n, n, fig. 1, pi. 4. Its use is to hold the 
coral fixed, and support it ; not to nourish it : since there are found pieces of 
coral, with their feet broken off, which nevertheless continue to live, to grow, 
and to propagate, at the bottom of the sea. From this foot arises a trunk, gene- 
rally single, the greatest thickness of which seldom exceeds an inch. 

Out of this trunk the branches shoot, which commonly are few in number; 
and they afterwards divide into several smaller and slenderer branches. The 
branches are mostly disjoined, and separate ; sometimes two or more branches 
spring from the foot united and parallel, and as it were clung together so inti- 
mately, that the place of their union cannot be distinguished. Frequently two 
branches adhere and unite in the same manner, in whatever place they happen 
to touch : and from two branches thus united, there sometimes arises afterwards 
only a single branch. If a shell happens to stick to the trunk or branches of the 
coral, it is in time surrounded and covered, either in part, or in the whole, with 
the same coralline matter to which it stuck. 

The greatest height to which coral rises in the Adriatic, is a Paris foot, or a 
little more. And even this height is very rare in that sea. The trunks, as well 
as the branches, are commonly round ; yet frequently some are flatted and 
• Red coral. Isis nobilif. Lin . Gorgonia tiobilis. Lin. Gmel. 

f Author of an ingenious work, entitled the Nat. Hist, of the Adriatic Sea, written in Italian 
and printed at Venice 1750, with numerous plates. 
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broad.- The foot, trunk, and branches of this sea-production, are of one uni - 
form matter : being formed of a substance homogeneous in all its parts, and of 
a bark or coat. The substance forms the inner part of the coral ; and this, even 
at the bottom of the sea, is nearly as hard as marble. At the ends of the branches 
it is not so hard as the bark ; in some places near the ends it is of equal hard- 
ness with k ; but in the thick branches and trunk it is harder. 

This substance, being observed by a microscope, in corals of one colour, as 
the red, and those which are not corroded by worms, appears uniform, smooth, 
without spots of other colours, without holes or pits, being quite even, hard, 
and capable of a perfect polish. But it is otherwise, in corals of more colours 
than one 5 as sometimes in those of a yellowish rose-colour, and those of a rose- 
colour. For in some of these, the transverse sections exhibit different lines, or 
annular bands (fig. 2 , s, s, s, s,) of which one part is a rose-colour, and the other 
yellowish, others whitb, and others more or less charged with colour, which 
form concentric circles, a, like the coats of an onion. The same sort of annu- 
lar lines is observable in red coral a little burnt ; but they are of a grey colour, 
and parted asunder by a line of a deep brown grey, (s, s, s.) 

. When this substance, though very hard, happens to be stripped of its bark, 
either by age, or aocident, it is liable to a sort of teredo, or worm ; • a small ani- 
mal, that enters into the body of the coral by very small holes, (fig. 3, a, a,) 
gnaws its inside, and makes itself roundish cells, (s, s.) These cells have a com- 
munication with each other, (a, a,) and are separated by very thin partitions, 
which weakens the coral extremely, and makes it brittle and improper for 
any work. There is also another worm, which passes through the coral trans- 
versely from side to side, and in right lines, by straight cylindrical holes. Even 
the hardest marbles, lying in the sea, are liable to be corroded in the same man- 
ner. The surface of the substance of coral is furrowed and wrinkled (fig. 4 and 
2 , e, u.) The wrinkles begin from the foot, and ascend, always nearly parallel, 
to the trunk and branches. However, these wrinkles are not so deep in the 
slender branches, and sometimes are not visible there : but they are always more 
elevated, and more considerable, in the thick branches and trunk : they are not 
smooth, but uneven, with knobs or bumps on them, and the surface composed 
of very small hemispheres. 

This substance of the coral, being exposed to a strong fire, is reduced to a 
very fine ash-coloured powder. As common ashes, when taken clean- from 
burning charcoal, and examined by a microscope, exhibit a sort of skeleton, 
composed of the fibres and Vessels of the wood ; so the ashes (of the substance) 
of coral sufficiently show of what sort of parts it is composed. The microscope, 
discovers in it ashes formed of very small white corpuscles, united in clusters ; 
each one of which, is nearly spherical. The ashes of the bark of the coral are of 
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the same shape and colour i so that the substance of coral agrees with its bark 
in the primitive and constituent part6, which seem to be the same in both. 

In pieces of coral broken transversely, are often observed some prominent 
wrinkles, which disengaging themselves from the exterior wrinkles above-men- 
tioned, run towards the centre (fig. 2, u,) Hence it plainly appears, that there 
is an affinity or connection between the interior and exterior wrinkles. To the 
exterior wrinkles, and to the whole outer surface of the hard part of the coral 
(fig. 2, a, s, e, s,) there is closely attached a white or pale pellicle (fig. 2, g, fig, 
5, n, n,) which is pretty soft, and composed of vascular and follicular minute 
membranes, which, by their., interlacing, form a reticular body, The whole is 
accompanied with small vessels, which contain a whitish juice, diffused through 
all the folliculi or membranulae ; which have also attached to them certain 
very small red corpuscles, united together by means of other membranulae. 

These corpuscles are nearly of a spherical figure, and; in size and shape ex- 
actly like those of the ashes of the coralline substance, and of the bark : so that 
we may properly say, that these little bodies constantly remain entire, even after 
the action of the fire ; having undergone no otbeir change but in their 
colour. In this pellicle (fig. 5, n, u,) the globular corpuscles are not numerous, 
but the greatest part of the said pellicle is occupied by very white membranes, 
from which it takes its colour, and not from the red globular corpuscles. This 
pelliele, lying immediately on the coral, deposits the red corpuscules, and adapts 
them to it j and thence it is that the wrinkles are covered as It were, by ex^ 
tremely small hemispheres ; and these infallibly show the formation of the coral- 
fine substance. If any one should ask, whence can these little spheres derive 
their origin? Dr, D.’s answer would be, without hesitation, from the polypi of tlua 
coral. And the reason is, that if these polypi produce their eggs, as will be shown 
in the sequel, covered with sueh corpuscules, we may justly infer that cor- 
puscles of the same nature, wherever they are found, are formed by the same 
polypi. 

To this white pellicle is attached the bark of the coral (fig. 2, t, t, e, s, s,). 
which is soft, of a vermillion colour, or of a brighter colour than the coralline 
substance, k is formed of very fine membranulae, or net-work to which are 
annexed, and reciprocally fastened, the red globular corpuscles, which cause its. 
deeper colour. It is along this bark, that cylindrical vessels (fig. 2, t, t, t, t, 
fig. 5, i, fig. 6, n,) are observed to run lengthways of the coral ; which appear 
by the microscope to be parallel to each other, and out of which issue laterally! 
other vessels infinitely small, (fig, 5, t, t, tj) winch have a communication with, 
the above-mentioned membranulae. The use of these vessels is to give nutri- 
ment to the coral, by means of a milky juice contained in them. The surface of 
this bark is slippery and uneven, when the coral baa been jus t fished out of 
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the sea; somewhat raised in some places, in others more depressed and 
flatted. 

There are observed in several parts of the said bark, small tubercles or promi- 
nencies, (fig. 7, s) which may be seen even without a microscope. These tu- 
bercles are pretty large at their bottom or basis, and round (fig. 1, n, n), grow 
somewhat narrower towards their upper part (o), and terminate in a lip of some 
thickness, regularly divided into 8 parts (fig. 1, s, s, fig. 8, s, s) more or less 
even; which form the mouth (fig. l, t, fig. 8, t, fig. 9, a) of each tubercle, or, 
to speak more properly, of each cellule. The bark of the coral ends at the ex- 
tremity of these parts ; and thus it is, that all the inner part of each cellule of 
the white pellicle is formed. The white pellicle (fig. 2, g, fig. 5, n, n) is doubled 
in some places, and forms a little bag (fig. 6, s, c) which lines the inside of each 
cellule (t), that is, to the beginning of the lip, or to about the middle of the 
cellule. 

The substance of the coral (fig. 6, o) gives way to the cellule by small cavities ; 
yet these are not very visible in the old thick branches, but they are pretty easily 
seen in the young and slender (fig. 4, a, c). Thus the cellule does not end at the 
coralline substance ; since the white pellicle (fig. 6, s) is between it and the said 
substance. The hollow of the cellule grows narrow into a sort of cone, with an 
obtuse apex; the belly of which is greater in diameter than the basis. The 
bottom of such a cellule faces the foot of the coral, and its mouth the branchy 
or most distant part from the foot. In this cellule is lodged the polypus, which 
is visible to the naked eye, (fig. 7, s) but its exact shape is only to be seen by 
the microscope; and it was by this means, that a drawing has been made of it. 

Therefore it is from each oellule (fig. 6, t, c) that a white, soft, and some- 
what transparent polypus (fig. 10) comes forth, or extends itself ; which in shape 
resembles a star with 8 equal rays, nearly conical, (fig. 11) and furnished with 
other conical appendices (fig. 11, a, a, fig. 10, a, a,) which issue out of it on 
both sides. The two rows of these have their direction nearly on the same plane. 
The rays are somewhat flatted, (fig. 10, a, a,) and a trough (fig. 12, c, fig. 10, 
n, o,) rises out of their centre, somewhat widened at its beginning, with an 
opening or great mouth at top (n). In its sides there are 8 upright ridges, broad 
and elevated, and as many wrinkles, or furrows ; and each ray is inserted be- 
tween every two wrinkles (a, a). This trough is placed on a smooth part, (fig. 
12, g) which we may call the belly of the animal ; mid this part, while the animal 
lives, and has not been hurt, is always erect in the cellule ; though it be entirely 
disengaged, add separated on all sides from the said cellule; as may be plainly 
seen in some positions of the polypus. 

AD these particularities are to be seen only when the coral is just drawn out 
a£ the sea, and suffered to stand in some of the sea-water ; for, if you take the 
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coral out of this water ; or even. -if- you do but touch it in the water, the polypus 
immediately retires into its cellule. In retiring, it contracts itself, the trough is 
closed up (fig. 10, n, o) and each ray, (fig. 13, c) as also each appendix (a, a, a, a) 
shrinks, and enters into itself, just as snails pull in their horns : eash ray pulls 
in about half its length, and with their ends they adapt themselves to the edges 
of the trough (fig. 14, 15). 

It is in this position that the polypus is seen the moment the coral is drawn 
out of the sea. The polypus, in this contracted state, seen without a micro- 
scope, resembles a drop of milk ; and this is what all the good coral-fishers take 
for the real milk of the coral ; the rather because, by pressing the bark of the 
coral with the fingers, the polypus is forced out, and in coming forth it always 
retains the appearance of milk. And this makes it probable, that the accurate 
Andreas Coesalpinus, who was the first observer of milk in coral,, in reality saw 
nothing but the polypi in the semblance of milk. 

Though the polypi have their belly (fig. 12, g) quite disengaged from the cel- 
lule, as said above; yet they always keep it therein, shortening and widening it 
so, as to make it thicker than the mouth or opening of the cellule (fig. l6, g) : 
and this may be seen very distinctly by separating the cellule and its polypus 
from the substance of the coral, and then observing it on the back part. In this 
attitude it is that we see, not only the belly very much shortened (fig. 1 6, g) but 
also the position in which the polypus keeps itself in its own habitation. 

At the bottom of the belly (fig. 12, g) of some polypi, are observed some 
roundish hydatides, extremely small and soft, transparent, yellowish, or tending 
to pale. The situation and figure of these hydatids induced Dr. D. to believe,' 
that they are true eggs of the polypus. Although the size of these eggs is not 
much above the 40th part of a line, yet by the assistance of a good microscope, 
are discovered some vestiges of little grains, like those which are common on the 
bark and substance of coral. These eggs are detached from the polypus, and 
being soft they adapt themselves, and stick to the hard bodies, on which they 
all. . Afterwards they spread at the foot or bottom, and swell up a little (fig. 17); 
and in this case we very well discern an inward cavity in them, the upper part of 
which becomes uneven by 8 wrinkles, (fig. 1 8) but is not open as yet. Shut up 
within this cavity the fetus of the polypus remains, contracted within itself, and as it 
were without form. In due time the polypus grows ripe, and as it wer6 adult ; 
and the upper part (fig. 1 , s, t, s) opening, it comes forth properly extended (fig. 
12, g), and thus furnishes the coral with nutriment. 

While the first cellule is shut up, (fig. 17) or the egg of the coral is in its 
substance, we do not find any one hard part in it like bone or marble ; it is all 
soft : but afterwards, when the cellule opens, we begin to observe some hard 
lamellae ; and when it is grown larger, and arrived at the height of about a line 
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and half, it widens at bottom, (fig. 9, n) and at the top, (a) and grows narrower 
in the middle (o), assuming the proper consistence and hardness of coral. And 
as this grows, the polypi are multiplied, and new branches of coral are formed. 
Here then we see the vegetation of a plant, and the propagation of an animal. 
It is submitted to the learned to decide at present, whether the coral belongs to 
one of these kingdoms rather than to the other ; or whether, with greater jus- 
tice, it deserves an intermediate place. 

Description of the Madrepora. See pi. 5 , fig. a. This is entirely like the 
coral, as to its hardness, which is equal to boue or marble. Its colour is white, 
when polished. Its surface is lightly wrinkled, and the wrinkles run length- 
wise of the branches. Its inside is of a particular organization ; having in the 
centre a sort of cylinder, (fig. d, i) which is often pierced through its whole 
length by 2 or 3 holes. From this cylinder are detached about 17 laminae, 
(fig. d, k, k) which run to the circumference in straight lines (fig. b, m, m, rn, m). 

These laminae are transversely intersected by other laminae, (fig. 0, q, q) which 
form many irregular cavities throughout the whole plant. The branches (fig. a, 
g, g) are conical ; and the basis of the cone is formed by the summit of the 
branch (fig. a, e, e). Every one of these summits has wrinkles on its outside, 
which run in the longitudinal direction of the branches (fig. b, c, c) ; and each 
wrinkle answers to a lamina, (fig. c, e, u, e, u) and each lamina is of the shape 
of a prism, (fig. e) the basis of which is warty, and faces the outside, (fig. c. 
e, u) and its point is cut into teeth, (fig. e, n, n, n) and belongs to the inside. 
The cellule, (fig.B, a, a, a, c, c, fig. c, e, e, u, u) which is of the shape of a 
chalice, is composed of these laminae ranged into a circle. 

In every one of these cellules is found a little polypus, represented in fig. f, 
but considerably magnified; the mechanism of which is this: three different 
parts, unlike each other, compose this animal ; viz. the feet, (fig. f, o, i) a 
trough, (fig. f, g, h, t) and a head (fig. g, n). Each foot begins by 2 oonical 
appendices. By the union of these appendices a rounded part is formed, which 
in some degree resembles the belly of a muscle, fig. h, i, fig. 1, x) by means of 
which the foot is shortened and lengthened. To this part (fig. 1, x) is annexed 
a little cylinder, (fig. 1, n, fig. h, c) the length of which is indeterminate. 

These feet are ranged all around in great number, and annexed to the laminse, 
(fig. b, a, a, c, c) and are all united to the trough, (fig. h, c) on the outside of 
which are seen 10 cavities, with an equal number of prominences (fig. h, t, t, t, 
s, s, c), and in these is lodged the animal’s head, (fig. g) which has prickly rays, 
the precise number of which could not be determined, on account of the ex- 
treme velocity of the continual oscillatory motion of the head from right to left, 
and from left to right, yet he thought he could perceive the number of these rays 
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to be 8 : and the use of them may lie for the animal to catch and hold its iood. 
This part is not always to be observed, because it sometimes hides itself, by closing 
yp the trough (fig. h, s, s, t, c) about it; and thus it is safe in its habitation. 

As the figure of this animal bears no resemblance to the urtiea marina, he can- 
not see how we could class the polypus of tire madrepora with the urtiea. This 
animal is extremely tender, and generally transparent, and. very beautiful for its 
variety of colours. He observed it in spring and autumn in the neighbourhood 
of Rovigno and Orsera, where it is often fished up. 

A Description of the Miriozoon, or Pseudqforaiium album Jungosum of Aldro- 
vandus.* — As the size and shape of this poly par}' is sufficiently seen in fig. k, pi. 6, 
he describes only what the microscope has enabled him to observe in it ; and what 
Count Marsigli, though peculiarly diligent, has either overlooked, or examined' 
with too little attention. And the rather, as the mechanism of this body appears 
very wonderful. 

Its substance is rather like that of bone than of marble, but brittle : and its 
brittleness proceeds from the great number of cellules with which it is hollowed. 
These cellules are ranged all around in the branches, (fig. m) and disposed in 
the manner of a quincunx; (fig. l, n, o) resembling those cinerary ums, fre- 
quently found in Italy (fig. o). 

In each of these cellules lodges an oblong polypus (fig. a), slender at the tail, 
(fig. a, t) thick at the belly, (fig. a, e) and pgnin slender at the neck, (fig. a, s) 
to which is attached a little cover, (fig. q, o, and p, o) round, concavo-convex, 
and of a bony substance. This cover is attached by its lower part (fig. f, n) to 
the entry of the cellule. 

When the polypus chuses to spread itself out, it opens the cover, and out of 
its neck thrusts an ample .proboscis (fig. r, g), in the shape of a cup; and with 
this it probably takes its food. There are two little muscles (fig. h, a, a) at the 
lower part of this proboscis, which are attached to the cover. When the animal 
returns into its nich, the proboscis sinks into itself; and the animal, by con- 
tracting itself, draws back the cover ; and thus the cellule is perfectly closed, and 
the creature secure in its retreat. 

However, all the polypi of this plant do not enjoy this conveniency and se- 
curity, but only the adults; that is those which dwell about the branches. As 
for the others, that are not as yet adult, and live and lodge on the tops of the 
branches, fig. l, r, n, n, and n, n, x) they have no covers; and a considerable 
number of them dwell in imperfect cells, or in such as are finished only in< part, 
(fig. d, t, t) and made of a sort of cartilaginous and membranaceous materials. 
The imperfection of these ceBules, and the weak consistence of the paste which 

# This coral is the MiUepora trmcata, Linn* 
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forms them, afforded a plain proof that the cellules are the work of the polypi, as 
the niches, where they lodge, are made by some shell-fish. 

XV. On the Class of the Phocte Marin#.* By James Parsons , M.D., 

F.R.S. p. 109. 

In February 1. 742-3, Dr.P. gave some account of the sea-calf, which was shown 
at CHaririg-cross at that time, which he often saw while alive, and afterwards 
opened it. It is printed in the 496th number of the Trans. There is also now 
in town a seal (another species of phoca) alive ; which gives occasion to taking 
further notice of this class of animals, that the Society may have a clear idea of 
their differences, and great variety. N 

All the species of phocae, this being the generical name, have among them 
a very great likeness to each other, in the shape, not only of their heads, but 
also of their bodies and extremities. They are webbed nearly alike, are alike 
reptile, viviparous, bringing forth, suckling, and supporting their young alike ; 
and in fine all have the same title to these appellations, phocae, vitulus marinus, 
sea-cow, sea-lion, &c. and these names are vulgarly given to them, as their size 
happens to be greater or smaller ; and the first of these names from <puxn, or, ac- 
cording to Dr. Charleton, from (3 ®x», signifying a noise, or kind of grunting, 
which they all at some times make. 

The different species of this class, or rather genus, of animals, are distinguish- 
able, by their proportion, their size, as to their full growth, their teeth, webbed 
feet, and whatever other parts in some may not be proper to others. 

As to the first, this species before us is shorter and thicker in proportion than 
that described before. Dr. Grew, in his excellent book of the Rarities, &c. 
mentions a difference in the proportions of 2 which he describes, in their thick- 
ness ; that presented to the Museum by Mr. Haughton being thicker than the 
other. He also gives an account of another species, .which he calls the long- 
necked seal, in these words: “ he is much slenderer than either of the former; 
but that wherein he principally differs, is the length of his neck ; for from his 
nose-end to his fore-feet, and from thence to his tail, are the same measure; as 
also in that instead of his fore-feet, he hath rather fins: not having any claws 
thereon, as have the other kinds.” The head and neck of this species are ex- 
actly like those of an otter. One of those, which is also now in our museum, 
taken notice of by the same author, has a head shaped like that of a tortoise ; 
less in proportion than that of eveiy other species, with a narrowness or stric- 

- * In this paper Dr. Parsons includes not only the seals, strictly so called, but likewise the walruses, 
gnanatis, &c. and thus forms a kind of large natural genus under the title of Phoca. 
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tare round the neck : the fore-feet of these are five-fingered, with nails, like the 
common seal. 

Their size, as to the utmost growth of an adult, is also very different. That 
before described, was 7-J- feet in length ; and, bang very young, had scarcely any 
teeth at all. This in town is but about 3 feet long, is very thick in proportion, 
and has a well-grown set of teeth ; which, in a great measure, shows this to be 
about its full growth. The manati is also a phoca, and is one of those species 
which grows to a prodigious size. The great skin, in the museum, is that of a 
manati ; which seems to agree with the other species of this family, in every es- 
sential part, except broad bifid webs, instead of webbed feet : and Peter Martyr 
gives an account of one of these, which was 35 feet long, and 12 thick. 

The docility of this seal in town is, with reason, much admired, as a thing 
unusual and strange to us ; but it appears, from Dr. Charleton, that in his time 
it was not uncommon for the seamen and fishers to catch some of these creatures 
sleeping, on the coasts of Cornwall and the Isle of Wight, and bring them to be 
so tame, as to get money by showing them, and their performances : and he 
adds, that the people of the former place call the larger kinds about that coast 
soils, and the smaller seals. But the story told by the above author Martyr, of 
that great manati, shows how capable these creatures are of being rendered very 
familiar ; and how susceptible of impressions, though they really seem as unfit 
for any kind of education as any other whatever. This author describes the 
manati very fully; and then tells this remarkable story: 

“ A governor, in the province of Nicaragua, had a young manati, which was. 
brought to him, to be put into the lake Guanaibo, which was near his house ; 
where he was kept during 26 years, and was usually fed with bread], and such- 
like fragments of victuals, as people often feed fish with in a fish-pond. He be- 
came so familiar, by being daily visited and fed by the family, that he was said to 
excel even the dolphins, so much celebrated by the ancients for their docility and 
tameness. The domestics of this governor named him Matto ; and at whatever 
time of the day they called him by that time, he came out of the lake, took 
victuals out of their hands, crawled up to the house to feed, and played with the 
servants and children; and sometimes 10 persons together would mount upon 
his back, whom he carried with great ease and safety cross the lake.” 

All that is here mentioned of the docility of this manati, does not much sur- 
pass that of this seal in town. He answers to the call of his keeper, and is ob- 
servant of his commands ; takes meat from his hand, crawls out of the water, 
and stretches at full length, when he is bid ; and when ordered returns into the 
water; and in short stretches out his neck to kiss his keeper, as often and as 
long as required. These are marks of a tractableness, which one could hardly 
expect from animals, whose mien and aspect promise little, and indeed whose 
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place of abode, being for the most part inaccessible, prevent their being fami- 
liarized to any commerce with men, except by mere chance. 

The teeth are very well preserved in the skin of the manati in the museum : 
they are ]6 in the upper, and 14 in the under jaw; and of these, 4 are between 
the canine teeth of the upper, and 2 between those of the under jaw. They are 
all conical from the gums ; the canine teeth are 2 in each jaw ; being an inch 
and half long each, and of the same form with the rest; and they all bend a little 
backwards by a small curve in themselves. Nor have the very back teeth of all 
the least resemblance to the molares of other animals. 

The walrus or mors, is another species of phoca, and differs very little in 
shape and parts from the other species of this genus ; except that the 2 canine 
teeth of the upper jaw are of a prodigious size, like the great teeth of an 
elephant. 

There are some species of this genus of the phoca, which never grow to above 
a foot long ; and there are of all sizes at full growth from these to the manati 
and walrus. The skins of every species have short hair, and their colours are 
variegated from the straw-colour and yellow to the deepest brown and black. 
They are sometimes regularly brindled, sometimes curiously spotted ; sometimes 
in brown clouds on a yellow ground, like that of a pied horse ; and sometimes 
the brown or black occupies the greater part of the skin, having less of the yel- 
low ; and in short even those of the same species are as variously spotted or 
clouded as the hounds in the same pack ; and it is probable, that in unfrequented 
islands and countries, other species of this tribe are yet undiscovered. But it 
must be observed, that where no other difference, but the variegation of the 
colour, appears among them, that is, in their size, proportion, teeth, or extre- 
mities, they are no more to be accounted different species, than cows having va- 
rious changes in the distribution of the clouds or spots on their skins. 

In the first chapter of the second book of Lord Anson’s Voyage, is described 
.an animal under the name of the sea- lion. This history may be applicable to 
other species of phocae ; and by this description, as well as the figures exhibited 
in the book, what are counted sea-lions, are manatis. 

Linneus ranks this genus of animals with those of his 2d order of quadrupeds ; 
and indeed with great propriety, however injudicious it may lately have been 
thought-; for though none of this tribe can use the posterior extremities to raise 
themselves up, or stand upon them, as on legs and feet; yet they swim and 
guide themselves in the water with them ; for which they claim the title of pal- 
mipedes, or webbed feet ; for they have no similarity with fins. 

If it be objected, that these animals would come more naturally under "his class 
of amphibia ; we may assert, that he had 2 very good motives for ranking them 
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with quadrupeds. First, he had our great Ray for his director, who has him- 
self done the same thing : and, secondly, he found, that though these creatures 
are really amphibious, yet the commanding characters, by which he has, with 
great sagacity, distinguished his classes, prevail here to give them a place rather 
among the quadrupeds than the amphibia. 

. This great naturalist divides the animal kingdom into 6 classes, and each class 
into 6 orders. Each order is again divided into different genera, and each genus 
again has its different species. The phoca then is the 6th genus under the 2d 
order of the quadrupedia ; which order is that he calls ferae.* 

M. de la Condamine, in the account of his voyage down the River of the 
Amazons, describes an animal, which doubtless is a species of the phoca. See 
figs. 11, 12, 13, pi. 3. 

XVI. Of an Iliac Passion , from a Palsy of the large Intestines. Communicated 
' to Dr. de Castro, F.R.S. Translated from the Latin, by Tho. Stack, M.D . , 

F.R.S. p. 123. 

A merchant, aged 70, who had been accustomed to hardships from his in- 
fancy, was, for the last 6 years, subject to rheumatic pains ; but considering his 
disorder as the effect of old age, he rejected all medical advice. In these cir- 
cumstances it happened that he was suddenly set upon by a party of soldiers, who 
with severe threatenings turned him out of his house, and took possession of it : 
which so terrified him, that he was seized with a violent belly-ach ; and his agony 
so overpowered him, that he fell on the ground half dead, and at the same time 
voided blood by the anus.' 

Afterwards he was much subject to the gripes all the ensuing winter, which he 
took no care of. During this time he suffered much firom costiveness, till March 
1747, when he was seized with severe pains about the navel ; and though he had 
clysters of several sorts given him, not one of them could be made to pass. He 
was feverish and thirsty, with a white moist tongue, and could not sleep. He 
was blooded as much as he could well bear ; and the blood did not appear inr 
flammatory. He was treated with laxative medicines, antiphlogistic fomentar 
tions, to ease the gripings, and give a free passage; but nothing took effect for 
7 days together. 

On the 8th he began to break wind, retain the clysters, discharge some little 
faeces, and to sleep, though not quietly. ; and on the 9th to make turbid urine.. 
But these promising appearances were but of short duration ; for on the 1 1th his 
belly was so bloated, that he seemed tympanitic ; and an acute pain, which he : 

* Dr. P, here refers to the tenth edition, of the Sy sterna Naturae of Linneua. 
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had in the hypogastric region, darted up towards the midriff on the right side r 
and now the mucus of the intestines came away with the clysters. He had bad 
sweats, and made foul urine, without sediment. 

On the 15th a consultation was held ; and as his thirst and fever were abated, 
and the medicines hitherto prescribed for opening a passage, and taking down 
the swelling of the belly, which seemed ready to burst, had proved ineffectual, 
it was agreed to make him swallow 6 oz. of crude quicksilver, with oil of sweet 
♦almonds, and syrup of violets ; and soon after to throw in several purging 
clysters. 

In 9 hours a passage was opened, and he voided much black liquid excrement, 
without the least grain of quicksilver, A little after that, he vomited much v 
and in wjiat he threw up there plainly appeared excrements, and globules of 
mercury. This was soon followed by thirst, a little slow fever, very troublesome 
gripings, no sleep, red high-coloured thick urine, in very small quantities, 
breaking of wind without any ease, vomiting of every thing he took, great 
weakness, and partial sweats in the forehead and breast. Under these symptoms 
he languished to the 20th day, and then died. 

The appearances, on dissection, were these:, the omentum was consumed; 
and the colon was inflamed in several places, and so distended with wind, that it 
nearly filled the whole abdominal cavity. Its ligaments or bands were so tho- 
roughly effaced, that there was not the least sign of them remaining. The 
caecum was so. stretched, as to occupy the whole capacity of the pelvis ; and that 
part of it, which is touched by the thick gut, was gangrened, and perforated 
with a small opening. Having cleared it of the excrements, there were no inter- 
nal rugae at the insertion of the ileum, nor any traces of the valve of the colon, 
or of its braces, to be observed. For it was quite smooth on the inside, as well 
as the colon, by the destruction of the cellules, which it has in a natural state- 
The quicksilver was dispersed all over the cavity of the abdomen, in such quan- 
tifies, that it was easy to perceive,, that none had been discharged by stool - 
Every thing else contained within both the cavities, was in its natural condition. 

XVII. On the Variation of the Magnetic Needle. By Peter Wargenlin y * Sec., 
of the Royal Acad, of Sciences- in Sweden. From the Latin, p. 1 2 6. 

Dr. Halley suspected that there was some correspondence between the aurora* 
borealis and the magnetic needle. And Celsius and Hiorter found by experi- 
ments that the needle was greatly disturbed, and unsteady, whenever the north- - 

* Peter Wargentin was a Swedish mathematician, but chiefly distinguished as an astronomer; andi 
particularly for his tables for computing jhe eclipses of Jupiter's satellites, which have been much used, 
by astronomers. He was born in 1717, and died at the observatory at Stockholm in' J 763,. at 6S» 
years of age.. 
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cm lights rose to the zenith or- passed southward, so as that the declination 
seemed to follow the motion of the light, and in a very few minutes of time 
would sometimes vary 3 or 4 degrees. M. Wargentin has also, by observations 
in Feb. 1750, like as Graham, Celsius, and others, observed before, found 
that there is a diurnal variation of the needle backward and forward : so as that 
from 7 in the morning till 2 afternoon, the needle declined more and more to 
the west by or part of a degree ; after which it gradually returned again, so 
as by 8 at night to be nearly the same as it was at 8 in the morning. After thi» 
tt is nearly at rest during the rest of the night, except some small motion to 
the west about midnight. And this diurnal variation never fails, but is constant 
and almost regular, unless when it is impeded by the northern lights. , This he 
observed constantly from the 1st of February to the 15th, on which last day an 
aurora borealis appeared, and deranged the needle so, as in 10 minutes time, 
about 10 at night, it shifted 20' to the west, and in another ten minutes 
returned thirty-seven minutes to the east. But on the lights disappearing, 
the needle settled at rest. And thus it continued in its regular diurnal vibrations, 
till Feb. 28, when it was again disturbed by another appearance of the northern 
lights, so as to cause the needle to vibrate irregularly between 6° 50' and'9° i' of 
west variation. And on the 2d of April, from a like cause, it differed from itself 
little less than 5°, shifting irregularly and frequently backward and forward, be- 
tween 4° 56' and 9° 55'. 

'XFIII. Abstract of a Letter, dated May 2, \7 50, from Mr. Freeman at Naples, 
relating to the Ruins of Herculaneum.* p. 131. 

About 7 or 8 years ago, the discovery of Herculaneum was much spoken of, 
which was reported to have been swallowed up by a violent eruption of Mount 
Vesuvius, according to the last accounts, in the first year of the reign of Titus, 
79 years after Christ. The situation of this city is at the foot of Vesuvius near 
the sea, and just at one end of the village of Portici, the summer residence of 
the king of Naples ; and probably a great part of the city is under the said 
village. 

You are first conducted down a narrow passage, scarcely wide enough for 2 
persons to pass ; and in a gradual slope, to the depth of about 65 feet perpen- 
dicular. Here is shown a great part of the ancient theatre, a building in the 
form of a horse-shoe. That part where the spectators sat, is visible, and consists 
of 18 rows of broad stone seats, one above another, in a semicircular form. At 
proper distances within the circuit of the seats, through the whole range, from 
bottom to top, are little narrow flights of steps, by which the spectators might 
•come to, or go from, their seats commodiously, without crouding. These steps 

* See some former accounts of these ruins, vol. viii, p. 435—438, vol. ix, p. 352 of these Abridg- 
ments. 
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or stairs also lead up, in a straight line, to a sort of gallery, several feet wide, 
which ranges all round the outside of the theatre, and is called the precinct ; 
above which there are other stairs, which lead to a second. By this precinct 
it is judged, that the theatre, with the orchestra, must be about 52 or 53 feet 
diameter. 

Going round the theatre, are seen several large square pilasters, equally distant 
from each other ; and which supported the whole edifice. These pilasters are of 
a thin compact red brick, adorned with marble cornices. The pavement of this 
theatre must have been very beautiful, by the different coloured marble, that has 
been taken out of it, and some that remain. In short, by the broken pieces of 
cornices, mouldings, and carved work, and the many fragments of pillars, &c. 
which have been found within and without the theatre, it appears to have been a 
most magnificent edifice. 

There are 2 principal gates to the theatre, with inscriptions on the architraves,, 
which are taken out, and placed in the king’s palace, among the other curiosities.. 

There is another opening, distant from that which leads to the theatre, by 
which they have made a way into some houses. Here- they seem to have dug 
infinitely more than about the theatre ; for one may ramble,, as in a labyrinth,, 
for at least half a mile. Among the things that have been dug out of either of. 
the two places, are many parts of broken horses,, with part of a triumphal car or, 
chariot, all of gilt bronze 5 and which, they say, was placed over, one of the gates, 
of the theatre. Two equestrian statues, which were found on each side of one of 
the said gates, and they suppose fronting a street that led to the theatre. Those,, 
they say, were erected in honour of the 2 Balbis, father and son, who were bene- 
factors to the Herculaneans. One of these statues cannot be repaired ; the other,, 
which happened to be better- preserved, is well repaired; and is set up under the 
piazza in the gate-way of the king’s palace at Portici. 

This is a most beautiful statue, and is considered to be one of the best in the 
world. Not far from it, at the bottom of the palace stair-case, are fixed a beau- 
tiful statue of the emperor Yitellius,. very perfect and entire ; one of Nero, with 
a thunderbolt in. his hand ; one of Vespasian ; one of Claudius ; one of Germani- 
eus ; and 2 beautiful statues, sitting. There are many others, of marble, and of 
bronze, all larger than life ; and even some gigantic, or colossal; many without 
heads, or arms, and others so destroyed as never to be repaired. Of busts, there 
are some very beautiful, as that of Jupiter Ammon, Neptune, Mercury, Juno, 
Ceres, Pallas, &c. In the apartments of the palace is a vast number of little 
Statues, many of which are extremely beautiful : also a great number of little 
idols, tripods, lachrymatories, and many vases curiously wrought. Among these. 
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is a whole loaf of bread burnt to a coal ; which they will not suffer any one to 
touch. It is covered with a glass bell, through which are perceived letters on 
the loaf, which possibly were the baker’s mark. 

There are many other valuable curiosities locked up in the king’s closet, and 
private apartments ; such as medals, intaglios, and cameos. 

Of the pictures, some were taken out of a temple near the theatre, others 
from the houses. They have all preserved their colours to admiration, which are 
very lively. They are painted in fresco, and were sawed out of the walls, with 
much trouble and care ; and are now fixed, with binding mortar, or cement, in 
shallow wooden cases, to prevent their breaking, and varnished over, to preserve 
their colours. You must think, that these pictures are not alike valuable, 
otherwise than from their antiquity ; some doubtless have been done by good 
hands, others by bad, as one sees by the works of those now-a-days. There are 
two as large as life. One of these pictures, they say, represents Theseus. The 
figure is naked, and holds a small club in his hand : between his legs lies a Mi- 
notaur, the posture of which produces a most admirable foreshortening. • There 
stand about him also three little boys, one of which kisses his right hand, an- 
other embraces his left arm, and the third his left hand ; all extremely well ex- 
pressed. The other picture is of the same size as the former, and Composed of 
many figures as large as life. A woman sitting with a wand in her hand, and 
crowned with flowers: on one side of her stands a basket of pomegranates, grapes, 
and other fruit : near her is a little satyr or fawn, playing on one of the ancient 
instruments, of 6 or 8 tubes, joined together in a row. There is a lusty naked 
man standing by her, with his face turned somewhat towards her, with a short 
hlack beard. He has a bow, a quiver of arrows, and a club. In the same piece 
is another woman, who appears talking to the first ; she is crowned with ears of 
corn. There is also a hind giving suck to a boy, which they say represents the 
story of the discovery of Telephus. Another picture represents a winged Mer- 
cury, with a child sitting across his neck, near whom is a woman sitting, and 
taking Mercury by the hand. This, we were told, was supposed to be Bacchus 
carried to nurse. Another piece represented Jupiter embracing Ganymede. In 
another is a hunt of stags and swans. Three others, in each a Medusa’s head. 
Another, representing two heads of imaginary animals. A beautiful one, re- 
presenting 2 of the muses, one playing on the lyre, the other with a mask on 
her head. Another, with a lion, a wood, and distant views. In another, various 
centaurs, buildings, &c. In another, a stag ; over which is a bird flying, and 
seeming to beak at him. Two other small pictures of a dolphin. Another with 
architecture, and distant views. One with a peacock. Another with a [temple, 
adorned with various pillars. 

There' have been also found two large cornucopias of bronze gilt, a laige 
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round shield of metal, 2 metal dishes, several lachrymatories of glass, others of 
earth; 4 large candlesticks of bronze, a large metal vase with a handle; many 
others of earth, curiously wrought ; the foot of a lion most curious, but in 
marble; and which supported a marble table ; a beautiful mascharron of metal, 
having the face of a cat, with a mouse in her mouth. There is also a very fine 
medallion, extremely well preserved, with a bas relief on both sides ; on one is a 
woman, near whom is a man naked killing a hog ; on the reverse is an old man, 
naked to his waist, sitting and playing on 2 pipes, which he holds in his hands. 
There is also another odd piece in bas relief, which represents a green parrot, 
drawn in a chariot, and driven by a green grasshopper, which sits on the box, as 
coachman. There are many baskets and cases full of different things, all jumbled 
together ; such as kitchen litensils, locks, bolts, rings, hinges, and all of brass. 
Things, that were of iron, were totally eaten up with rust. When the workmen 
came toi any thing of that sort, it mouldered to dust as soon as they touched it ; 
occasioned doubtless by the dampness of the earth, and the many ages during 
which it lay buried. There were found many vases, and crystal bottles full of 
water; but that might penetrate through the earth, and fall into them, if not 
dose stopped: ateo a sort of standish, or inkhom, in which were found many 
stylets or pens, with which they wrote in those days. When it was first taken 
out, they say the ink had not only its natural colour, but that it was yet capable 
of tinging: it is very dry now. There were eggs found quite whole, but empty; 
also nuts and almonds ; grain of several sorts, beans and pease, burnt quite 
black. Many other sorts of fruit were found burnt quite to a coal, but whole 
and entire. 

Mr. F. declares that he cannot be of the opinion of some, who assert that this 
city was suddenly swallowed up, which implies that the earth must have opened, 
and formed a pit to receive it. His opinion is, that it was overwhelmed with the 
boiling matter issuing from the mountain, at the time of the eruption ; because 
most things were found upright, chiefly the buildings. That it was not a sudden 
overwhelming, and that the inhabitants had time to escape with their 1’ves, 
though not with their goods, is proved, by their not finding dead bodies, where 
they have hitherto dug. It is said that some human bones were found, though 
few. Very little money or plate has been found, or any other portable thing of 
great value ; which is another proof that the inhabitants were not destroyed. 
Doubtless before the violent eruption came on, the people for some days might 
perceive such tokens and signs, as could not but alarm them, and put them on 
their guard ; as at the eruption which happened in 1737, before it burst forth for 
some days, the inhabitants of Portici, and the adjacent villages, all retired ; 
being by some signs apprised of the event. 

The matter (called the lava) it seems is not of the same quality nor substance 
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all the way through the body of it;, for in descending to the theatre, the sides of 
the passage at the entrance were a sort of mold, 8 or 10 feet thick; after which 
appeared stone of a blackish or dark grey colour, to the thickness of about 3 or 
4 feet; then another layer of sandy earth, under which was a layer of the same 
sort of stone; anti thus it continues stratum super stratum, to the bottom. The 
theatre and tlie houses seem all to have been filled with earth. In general, this 
stone is very hard and heavy, and the whole city of Naples is paved with it.. 
Some of it will bear a fine polish, and of which they make snuff-boxes. 

XIX. Of the Hermaphrodite shown in London. By J. Parsons , M. D. s F. R. S. 

p. 142. 

She was a French girl about 18 years old, and the true description of her pu- 
denda was as follows : What was mistaken for a penis, and had at first sight 
caused- the deception, was the clitoris, grown to an inordinate size. The pre- 
puce'of this was continued down on each side, to form the nymph®; under these 
the natural urethra was in its proper place, as in all females, and just under this 
Was a natural vagina- This vagina was concealed by a skin growing up from the 
perin®um, and continued to the labium of each side quite over it; which, if 
snipped with scissars, would lay the orifice of the vagina bare, and show the 
person a perfect female, having only this morbid size of the clitoris. This was 
really the fact,, which any one might have been satisfied of, by passing a finger 
down under this skin to the perinmuro, when he would meet the orifice of the 
vagina;, and find it as perfect as that of any other woman of the same age. 

The vagina being thus covered, and the clitoris thus large, it was no wonder,, 
that she should at first sight be taken for a male by the vulgar; but it would 
seem a little too careless in any of the faculty to be so deceived. However if we 
consider the following observations, we shall find it no such strange affair, as it 
now seems to the world; nor is it new to find people imagine that, since this 
mistaken penis is imperforate, the urethra is preternaturally directed to appear 
under it, without considering it to be a true female urethra, in its natural place. 

Dr. P. on- the 30th of April, 1741, laid before the Society 7 or 8 female 
foetuses, from about 6 to somewhat more than 7 months growth. Each of these 
had its clitoris larger in proportion than the present girl, or any other he had 
ever seen; which is the case with all female foetuses, during the greatest part 
of the time-of gestation. And this is nature’s common rule all over the world. 

Now it is impossible that so many hermaphrodites should be formed at once, 
since we have so few instances among the European nations of those so reputed;, 
though they are common enough in Asia and Africa, in all those places especially 
that are nearest the equinoctial line; where the non-naturals themselves conduct? 
much to the general relaxation of the solids in human bodies, and consequently 
to this unseemly accretion of that part. 
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Now as the female foetus increases in the uterus in a natural way, the neigh* 
bouring parts of the pudenda grow more in proportion than the clitoris, drawing 
away the integuments from it, whereby it becomes by degrees less conspicuous; 
and at length, as the child grows up, it is shrunk, between the labia, and remains 
always covered, as it is now the common appearance in our women. But when 
it continues its growth, together with the neighbouring parts in the same pro- 
portion, which all female foetuses have it in, maintaining its first proportional 
size, the person, when grown up, is called by the vulgar a hermaphrodite; since 
the natural structure of this part is in a great measure like that of a penis virilis. 
Nor is its largeness in a foetus much to be wondered at, since there are other/ 
very similar cases in the same body, as the gland thymus and glanduke renales; 
both which, as the child grows larger, diminish in their preportion. 

These macroclitorideae are so numerous among many nations of Asia and 
Africa, that the ancients, Albucasis especially in his 7 1 st chap, informs us of the 
necessary operation and method of cure, which he terms cura tentiginis, finding 
the part so called inconvenient from its largeness. Nor was this knowledge con- 
fined to men of science alone among the Egyptians and Ethiopians, and Angolans; 
for all parents know, when the child has these parts longer than ordinary, and 
they cut or bum them off, while girls are very young, and at the same time never 
entertain the least notion of the existence of any other nature besides the tra* 
female, in those children who are thus deprived of that part. The learned De 
Graaff was well acquainted with this, and gives his approbation of the operation, 
as bighlyneces6ary, as well as decent: “ estque hujus partis chirurgia orientalibus 
tarn necesaaria quam decora." 

ft has been said too, that this girl in town had not the least appearance of 
breasts; but those who reported this, must surely have never seen the breasts of 
ihe women of any other nation but our own. On the contrary, she had as large 
breasts as any French girl of her age, and as good a nipple. Besides she was a 
thin girl, and small of her age; and really among our own young women, when 
they are spare and small in stature, it will be hard to find any with breasts more 
conspicuous than hers, if so much. 

Dr. P. had considered this subject more at laige in his Critical Inquiry into the 
Nature of Hermaphrodites, to which the reader is referred. 


JOT. Of a very small Monkey .* Communicated by James Parsons , • M. D* 

F. R. S. p. 146. 

It is, from the tip of the nose to the root of the tail on the edge of the spine. 


* This animal is the; rimia iacchtu of Linnaeus. Striated monkey, Pennant. 
South America. 
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It h a native of 
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only 74- inches; and the tail, from its root to the extremity, is 9 inches; its face 
about an inch long; and hardly -f- of an inch broad at the eyes, where it is 
broadest. Its weight is about 44 oz. The face is naked, and of a flesh-colour;, 
the eyes black, having no white part visible; the ears are thin, large in propor- 
tion, and of a dark colour; and are surrounded each with a grove of very .white 
hairs; between which the hairs of the neck are blackish, and so are the 4 extre- 
mities; the rest of the body and tail is a mixture of dusky and yellow, so as to 
compose a dark olive; the hairs of the body are exceedingly soft, and each hair 
is parti-coloured, dusky at the root, then a little yellowish, then dark, and then 
yellowish again, somewhat like the soft feathers of partridges. The fingers are 
slender, each having 3 joints; they are 5 on each extremity, and are pointed by 
nails rather resembling the claws of birds, than those of human bodies; which 
is common to most other species of the cercopitheci. 

XXI. Abstract of a Letter from Naples, concerning Herculaneum , containing 
an Account and. Description of the Place, and what has been found in it* 
p. 150. 

The entrance into Herculaneum is described to be down a narrow passage, cut 
with a gradual descent; and towards the bottom into steps, and the city is sup- 
posed to lie about 60 feet under the surface of the ground. Those who go down 
into it, carry each of them a wax taper, and are preceded by a guide. It is 
supposed that besides the earthquake, which swallowed up this town, it was als6 
at the same time overwhelmed with the burning lava, which ran down from 
mount Vesuvius, during the eruption. And accordingly all the passages into it 
are cut through this lava; which is a very hard substance, like stone, of a slate 
colour, and said to be composed of various kinds of metals and glass; which 
indeed is manifest in the appearance of it. The streets of Naples are paved with 
the same lava; but it seems to be of a much more soft and sandy substance in 
Herculaneum, than in the places where they dig it for use. 

The appearance of this city would greatly disappoint such, as should have 
raised their expectation to see in it spacious streets and fronts of houses; for they 
would find nothing but long narrow passages, just high enough to walk upright 
in, with a basket on the head; and wide enough for the workmen, who cany 
them, to pass each other, with the dirt they dig out. There is a vast number 
of these passages, cut one out of another; so that one might perhaps walk the 
space of 2 miles, by going up every turning. 

Their method of digging is this: whenever they find a wall, they clear a pas- 
sage along the side of it. When they come to an angle they turn with it; and 
when they come to a door or a window, they make their way into it. But when, 
they have so done, they are far from finding themselves in a spacious room, or 
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bpen area; for all the rooms and places they have yet found, are so filled with 
lava, that it sticks on to the sides of the walls; and they can advance no farther 
than as they can make their way by digging ; which is such labour, that when 
they cease to find any thing worth their search, they fill up the place again, and 
begin to dig elsewhere. By which means no place is quite cleared. Conse- 
■quently it does not appear how many stories high the houses may be; nor is any 
thing to be seen over head but lava. In this are vast numbers of burnt beams, 
that seem to have been joists of floors; though they are now little more than 
black dust; and where they are quite mouldered away, one may plainly see the 
grain of the wood imprinted on the lava, so close did it stick. 

A skeleton was found in a door-way, in a running attitude; with one arm ex- 
tended, which appeared to have had a bag of money in the hand of it, for the 
.lava ftad taken so exact an impression of the man, that there was a hole under 
the hand of the extended arm ; which hole was apparently the impression of tire 
bag, and several pieces of silver coin were found in it. This man therefore must 
have had notice enough of the danger, to endeavour to secure his treasure; 
though he must have been instantaneously encompassed with liquid fire, in at- 
tempting it. No manuscripts have yet been found; but they have met with 
some few inscriptions on marble, but none of any consequence, or which serve 
to give new light on any point of antiquity. 

The writer proceeds next to give some account of the paintings, and observes 
that, much the greatest part of them are little better than what you will see on 
an alehouse wall. They are all painted on plaster, which has been very carefully 
separated from the wall, in as large pieces as possible. These pieces are now 
framed, and there are above 1 500 of them, but not above 20 that are tolerable. 
The best of them are 8 large pieces; one of which is a sort of history piece, 
containing 4 figures, with some expression- in their feces; but even these best, if 
they were modem performances, W6uld hardly be thought worthy of a place in a 
garret. There are about a dozen little pieces, of women dancing, centaurs, See- 
the attitudes of which are very genteel, and the drawing pretty, but the shading 
is mere daubing. 

The colouring is allowed to be surprisingly fresh and well preserved*, considering 
how long it has been done, but the painters seem to have been masters of only 
a few simple colours, and those not very good; The red is the brightest and. 
best. The lava was found sticking to all the painting; 'which, some think, has 
helped to preserve it. The paint is liable to be rubbed off; to prevent which, 
inconvenience, they have slightly varnished it. 

The designs of the greatest part of these paintings are so strange and uncouth, 
that it is almost impossible to guess what was aimed at. Much of it looks like 
such Chinese borders and ornaments as we see painted on skreens. There are- 
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-numbers of little figures dancing on ropes; a few small bad landscapes; and 
some very odd pieces, either emblematical, or perhaps only the painter's whim. 
Of which last the writer gives two specimens; one, of a grashopper driving a 
parrot, the other, of a vast great head, in the midst of what seems to have been 
intended for a green field encompassed with a hedge. 

The rest of this paper is only a repetition of that in art. IS- preceding, on the 
same subject. 

XXII. An Occultation of the Planet Venus by the Moon in the Day time, ob- 
served at Mr. Short's, in Surrey -street, London, April lG, 1751, O. S. By 
Dr. John Bevis. p. 15 Q. 

The whole matter in this business was to direct a tube so, as to find out Venus 
a little before her ingress, and to manage the instrument so, as also to have sight 
of her at the instant of her egress. And knowing that Mr. Short is never un- 
provided with one or more instruments exceedingly well adapted to this and other 
purposes, the same that he has described in Phil. Trans. N° 493 ; which, for its 
easy removal from place to place, may be considered as a sort of portable obser- 
vatory, Dr. B. intimated his intention to him the evening before; who wa6 so 
kind as to set up two of the said instruments, which he found rectified, and 
ready for observation, when he visited him the next morning. One of these, 
placed near his clock, he intended for his own use, and the other was for the 
Doctor. 

The air was of itself dear; but the wind, being in the north-east quarter, 
brought such drifts of smoke, as much impaired the distinctness of Venus, which 
however looked round. Several minutes before Dr. B. expected it, the figure of 
the planet was manifestly altered; on which he called out to Mr. Short to hasten 
to his instrument, which he did, though too late. The total ingress was .at 
10 h 39 m 30 s by the watch. From his first perceiving the change of the figure, 
to the entire ingress, could not be a full minute. 

He observes, that not a glimpse of the moon, then not 2 days old, could be 
dtecemed; so that the business of securing Venus, at the instant of her emer- 
sion within the field of the telescope, over which she passed in about 2 m lO, 
depended entirely on a due management of the screw, which gave motion both 
to the equatorial or horary (date, and to the telescope. A little after ] 1 he 
brought the point of the hour circle, answering to Venus, to the index, and 
might then have seen her near the middle of the field, had die already emerged. 
Every 2 minutes after he was cardial to turn the screw so much, as to be sure of 
keeping her within the field. At length setting his eye to the instrument imme- 
diately after one of these operations, he perceived her quite emeiged And round: 
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this was at 1 l b 15* b j the watch, which stili kept exact pace with the clock; 

tad his eye had not been removed more than a minute. 

Venus passed the meridian in the transitory at l h 37“ 55* afternoon by the 
dock: the sun passed this day at 1 l b 57“ 27*, and yesterday, the 15th, at ll* 
57“ 28-fr’; whence it is easy to reduce all to apparent time, as follows; 

Total ingress of Venus 1751, April lS d 22 h 42“ 2* 

Her total emersion 15 23 15 47 

Her meridian transit . 16 1 40 2§» 

Now, supposing the whole disk to have taken up one minute r 
as it seemed thereabout, both in the ingress and egress, 

the middle of the occupation must have been , .15 22 58 24-f 

And the duration, with respect to the centre of Venus .... 33 45 

P. S. Mr. John Canton sent notice that he observed the occultation of Venus 
by the moon last Tuesday, at his house in Spital-square, and found the immer- 
sion at 10* 1 42“ 20* a. m. emersion at ll h 15“ 40*. 


XXIII. Of a remarkable Appearance in the Moon , April 22, 1751. By 
«' James Short, F.R.S. jr. 164, 

' In N® 396 of the Phil. Trans, there is an account of an observation made on 
an uncommon appearance of the lunar spot called Plato in the nomenclature* of 
Ricdoli’s and Grimaldi’s Selenography, and Lacus niger major in that of Heve- 
lius. Signor Bianchini, to whom we owe this communication, says, that it was 
the l6th of August, 1725, n. s. about an hour after sun-set, when he took his 
observation with a dioptric telescope, of 1 10 feet, made by the famous Campani, 
the air being very serene, and the moon, as he says, speaking of the same phe- 
nomenon in his book of Venus, a day past the first quarter: so that the said 
spot then lay in the common section of light and darkness. The mountainous- 
oval margin, with which it is surrounded, was brightly illumined, with the sun’s 
rays; but the plain bottom looked darkish, as having not yet received his light. 
There was however extended along its area, from end to end, a track of reddish 
light, as if a beam had been admitted through some perforation in that side of 
the margin, which was then exposed to^he sun. M. Bianchini proposes the so- 
lution of this matter in two different ways: first, by supposing an aperture in the 
margin, as just now mentioned: or secondly, by conceiving the moon to have 
an atmosphere, and that thereby the rays passing near the summit of the margin 
might be so refracted as to be thrown on the plain area or bottom. 

Mr. S. having lately bad an opportunity of observing something of the same: 
nature himself, he here lays it before the Society, with a conjecture concerning 
its cause. Monday, April 22, 1751, o. s. being at Marlborough-house, and 
having directed the great reflector to the moon, he perceived a single streak of 
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light projected along the flat bottom, of the spot Plato; andfrom what he was 
then able to recollect of Bianchini’s narrative/ he doubted not but that it was of 
the same kind with that he : saw, and which he had so often looked for in vain. 
By the position of the spot on the disk, and the shadow of the mountains on 
the west side of it, we should not have expected to have seen any light on the 
bottom. Soon after, he discerned another streak of light extended along the 
bottom, parallel to . the first, but somewhat lower, which in a very short time 
was evidently divided into two. He sought in vain for such a perforation, as 
that hinted at in the other account; but through the great magnifying power of 
this instrument, he was able to discover a gap or notch in the mountains to the 
westward, which abutted against the first streak or stream, and pursuing the 
object with great attention, he also perceived a similar gap in the direction of 
the lower streak; but though this streak was divided into two, he was not able 
at any rate to find out another notch, by which to account, satisfactorily for the 
whole appearance; which he w'ould have considered as solved, could such a one 
have been discerned in a right situation. 

XXIV. A Catalogue (f the Fijty Plants from Chelsea Garden , presented to 
the Royal Society by the Company of Apothecaries for the Year 1750, pur- 
suant to the Direction of Sir Hans Sloane, Bart. p. 166. 

[This is the 29th presentation of this kind, completing the number of 1450 
different plants.] 

XXV. Observations on the Sex of Flowers. By JV. Watson, F. R. S. occasioned 
by a Letter on the same Subject, by Mr. Mylius of Berlin. ■ p. 169. 

Extract of Mr. Mylius's Letter to Mr. Watson, dated at Berlin, Feb. 20, 
1750-51. — “ The sex of plants is very well confirmed by an experiment which 
has been made on the palma major foliis flabelliformibus. There is a great tree 
of this kind in the garden of the royal academy. It has flowered and bom fruit 
these 30 years; but the fruit never ripened, and when planted, it did not vege- 
tate. The palm-tree, as you know, is a planta dioecia; that is, one of those in 
which the male and female parts of generation are on different plants. . We 
having therefore no male plant, the flowers of our female were never impregnated 
by the farina of the male. There is-a male plant of this kind in a garden at 
.Leipsic, 20 German miles from Berlin. We procured from thence in April 
1749 a branch of male flowers, and suspended it over our female ones, and our 
experiment succeeded so well, that our palm tree produced more than 100 per- 
fectly ripe fruit; from which we have already 1 1 young palm trees. This expe- 
riment was repeated last year, and our palm tree bore above 2000 ripe fruit. As 
X dp not remember a like experiment, I thought convenient to mention it to 
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you; and, if you think proper, be pleased to communicate it to the Royal 
Society.” 

In pursuance of his correspondent’s desire, Mr. “Watson lays this account be- 
fore the Royal Society, which he thinks very curious; not on account of its no- 
velty, or of its confirming the sex of plants, which is now sufficiently esta- 
blished; but on account of the male and female palm-tree’s flourishing so com- 
pletely in such high latitudes as those of Leipsic and Berlin. 

The impregnation of the female palm tree by the male has been known in the 
most ancient times. Herodotus, when speaking of the palm tree, says, “ that 
the Greeks call some of these trees male, the fruit of which they bind to the 
other kind, which bears dates: that the small flies, with which the male abounds, 
may assist in ripening the fruit; for, says this author, the male palm tree pro- 
duces in its fruit small flies, just as the fig tree does.” The very remote age, in 
which Herodotus wrote, sufficiently apologizes for his believing, that what was 
really brought about by the farina fcecundans of the male flower, was to be attri- 
buted to the insects frequently found in it, and which perhaps very often do cany 
this farina from the male to the female. They had seen the effects of caprifica- 
tion in fig trees by these insects, and were misled by the analogy. They are here 
translated small flies; but they had a particular appellation given them by Hero- 
dotus, Aristotle, and Theophrastus, who call them 4-w. Pliny, in his history, 
when treating of caprification, which is almost a translation from Theophrastus, 
calls them culices, Linneus ichneumones, and Toumefort moucherons. Theo- 
phrastus, in his account of the palm tree, gives the very process mentioned by 
our correspondent. “ They bring together, says he, the males and the females, 
which causes the fruit to continue and ripen on the trees. Some, from the simi- 
litude of this to what happens in fig trees, call it caprification ; and it is per- 
formed in the following manner: while the male plant is in flower, they cut off 
a branch of these flowers, and scatter the dust and down in it on the flowers of 
the female plant. By these means the female does not cast her fruit, but pre- 
serves them to maturity.” Pliny also mentions the like process. Among more 
modem authors. Prosper Alpinus, gives at large the manner of the impregnation 
of the female palm tree by the male, for the purposes before-mentioned. We 
have also copious accounts of the same process by Toumefort, Kaempfer, and 
Ludwig. As Kaempfer was an eye-witness, his account of this matter is most 
to be depended on. 

Mr. W. observes, that though the ancients distinguished rightly, in deter- 
mining the true sexes of the palm tree, it is the only plant in which they have 
not erred. Though they called plants of the same genus, or of others very 
nearly related to it, male and female, it was on an imaginary, a false principle: and 
that usually taken from their size, the difference of their leaves, or the figure of 
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their fruit; and what therefore they have denominated male and female, must 
not with the modem exactness be rigorously considered as such. Thus Aristotle, 
after having taken notice that there was the distinction of male and female ob- 
servable in plants, says, “ that the male plant is more rough and strong, the fe- 
male more weak and fruitful.” And Theophrastus, when speaking of the male 
and female pine tree, says, “ that the Macedonians have trees nearly related to 
pines, of which the male is of shorter growth, and has harder leaves; that the 
female is taller, and has its leaves softer and more fleshy.” He says, on his own 
authority, u that the wood of the male pine is hard, that of the female more 
soft.” Pliny also in his history gives a like reason for his distinguishing the sex 
of the pine: he says further, in another part of the valuable monument he has 
left us, “ that the most expert naturalists assert, that every tree, and every herb, 
which the earth produces, has both sexes;” but this is to be understood in the 
manner just mentioned; and so likewise is the distinction among the more mo- 
dem botanists in their denominations of several plants, such as veronica, eupa- 
torium, anagallis, tilia, paeonia, balsamita, filix, quercus, orchis, laureola, abro- 
tanum, com us, polygonum, equisetum, mandragora, and others, which are 
termed imaginarily male and female; as the discovery of the real sex of plants 
was reserved for the accuracy of the present age. Besides the before-mentioned 
erroneous principle, from which the ancients, as well as some more modem 
authors, determined the sex of. plants, there is yet another, and that is, a deno- 
mination of plants from their sex, which is absolutely false; and in order to elu- 
cidate this position, and to show at the same time in what the sex of plants really 
consists. Mr. W. premises, that it is in the flowers of vegetables only that the 
parts subservient to generation are produced. Simple flowers, to use this term 
in opposition to the- compound flowers of the botanists, are either male, female, 
or hermaphrodite. By male flowers, he means those which are possessed only 
of those organs of generation analogous to the male parts of animals; and these 
are what former botanists have denominated stamina and apices, but are since 
named more properly by Linneus, fllamentum and anthera. The female flower 
is only endowed with parts like those which perform the office of generation im 
females; and these are the pistillum and its appurtenances, which, by Linneus,. 
with his accustomed 1 accuracy, are divided into three parts, viz. the. germen, 
stylus, and stigma.. The hermaphrodite flower, which constitutes the great bulk, 
of the vegetable creation, is possessed of all these parts in itselfj and is itself 
thus capable of propagating its species without any foreign assistance;, which, by 
many incontestable experiments, it has been found neither the male nor female* 
flower simply i6 able to do. Much the greater number of plants, as just hinted, 
have hermaphrodite flowers; but there are some which have both, the male and 
female flowers growing from the same coot. Such are. mayz, ojr Indian corn,. 
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nettles, box, elm, birch, oak, walnut, beech, hazel, hornbeam, the plane tree, 
pine, fir, cypress, cedar, the larch tree, melons, cucumbers, gourds, and several 
others. In many of these, though the male and female flowers are at consider- 
able distances, the farina foeCundans, which Providence, on account of its being 
liable to be spoiled by rain, or dissipated by winds, has provided in great abun- 
dance, is conveyed to the female by means of the atmosphere. It is this class 
of vegetables, and the following, the quantity of the produce of which is much 
more precarious than those plants which have hermaphrodite flowers; as the im- 
pregnation of these last may be performed within their own calyx; whereas the 
former must necessarily commit their farina to the circumambient air. It is for 
this reason that if, during the time of the flowering of these plants, the weather 
is either very wet or stormy, their produce of fruit is very inconsiderable, from 
the spoiling or hasty dissipation of the male farina. Thus, independent of frosts, 
the fruit of the nut and filberd tree is most numerous in those years, in which 
the months of January and February are the least stormy and wet, as at that time 
their flowers are produced. For the same reasons, a stormy or wet May destroys . 
the chesnuts; and the same weather in July prodigiously lessens the crop of mayz 
or Indian com, as its spikes of male flowers stand lofty, and at a considerable 
distance from the female. In like manner a judgment may be formed of the 
rest of these. Some of the more skilful modem gardeners put in practice, with 
regard to melons and cucumbers, the very method mentioned by Theophrastus 
2000 years ago, in regard to the palm tree. As these plants, early in the sea- 
son, are in this climate confined to frames and glasses, the air, in which they 
grow, is more stagnant than the open air, by which the distribution of the farina 
foecundans, so necessary towards the production of the fruit for the propagation 
of the species, is much hindered ; to obviate which, they collect the male flowers 
when folly blown, and presenting them to the female ones, by a stroke of the' 
finger they scatter the ferina foecundans in them, which prevents the falling of 
the fruit immaturely. 

Besides the vegetables before-mentioned, which bear male and female flowers 
on the same root, there are others, which produce these organs ort different 
roots: in the number of these are the palm-tree, (the more particular subject of 
this paper,) hops, the willow-tree, misletoe, spinach, hemp, poplar, French 
ahd dog’s mercuiy, the yew-tree, juniper, and several others. Among these, 
the valisneria of Lihneus, as to the manner in which its male flower impregnates 
the female, is one of the most singular prodigies in nature. The manner of this 
operation is figured by Micheli, in his Nova Plantarum Genera, and described by 
ILinneus, in the Hortus Cliflbrtianus. As that elaborate and expensive work is 
in very few hands, Mr. W. here gives a short account of it. 

The valisneria grows in rivulets, ditches, and ponds, in many parts of Europet 

▲ a 2 


Digitized by ^.ooQie 



180 


PHILOSOPHICAL TRANSACTIONS. [ANNO 1751. 

The male plant, which is continually covered with water, has a short stalk, on 
the top of which its flowers are produced. As this top never reaches the sur- 
face of the water, the flowers are thrown off from it, and come unopened to the 
surface of the water ; where, as soon as they arrive, by the action of the air, 
they expand themselves, and swim round the female flowers, which are blown at 
the same time. These last have a long spiral foot-stalk, by which they attain 
the surface of the water, and remaining there in flower a few days, are impreg- 
nated by the male flowers detached from the stalk at the bottom. This opera- 
tion seems to be thus directed, as the farina foecundans could not exert its effects 
in so dense a medium as water; and we- find that even the hermaphrodite flowers 
of water-plants, such as those of potamogiton, renunculus aquaticus, hottonia,. 
and nymphaea, never expand themselves till they reach the surface of the water. 

But to return : it was not possible for Mr. W. without premising these things, 
to make evident what he just now mentioned, in regard to the falsely denomi- 
nating the sexes of plants ; as it is to this last class that the wrong application 
has been made by botanical writers. This error seems to have been first in- 
troduced as early as Dioscorides, and has been continued through a great va- 
riety of writers, even to our own time. It is most certain, that those plants, 
which produce the seed, ought to be considered as females ; but it happens that 
in the French and dog’s mercury, the seeds are produced in the female plants by 
pairs ; and these are contained in a capsule, which was thought to resemble the 
scrotum of animals; and from this testiculated appearance they called these 
plants males, and the others females. Thus, for example, Dioscorides, when 
treating of mercurialis, or what we here call French mercury, says, “ the seed 
of the female is produced in bunches, and is copious ; that of the male grows 
near the leaves ; it is small and round, and disposed in pairs like testicles.” Do 
donaeus, Lobel, Delechamp, John and Caspar Bauhin, Morrison, Toumefort, 
and BoerlVaave, in their several works, have followed Dioscorides, and have de- 
nominated the seed-bearing plant of this kind, the male ; and the other, the fe- 
male. Fuchsius and John Bauhin likewise call the cynocrambe or dog’s mer- 
cury, which bears fruit, the male ; and the spiked one with male flowers only,, 
the female. This mistake is observable in hemp, hops, and spinach. 

We observe that the operations of nature are carried on most usually by cer- 
tain general laws, from which however she spmetimes deviates. Thus almost 
all plants have either hermaphrodite flowers, or male and female flowers, grow- 
ing from the same root, or male and female flowers from different roots: but. 
there are a few of another class, which from the same root furnish either male 
and hermaphrodite flowers, or female and hermaphrodite flowers. Of this kiud 
are the mulberry-tree, the musa or plantain-tree, white hellebore, pellitoiy, ar- 
rach, the ash-tree, and a few others. But of this class the empetrum or berty- 
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bearing heath is the most extraordinary ; as of this are found some plants with 
male flowers only, others with both male and female flowers separately, and still 
others with hermaphrodite flowers. What Pere Labat mentions in his Voyage 
4 P Afrique Occidentale should likewise be taken notice of here. This author, 
after having laid down the different methods of impregnating the female palm- 
tree by the male, says, that this process is not absolutely necessary for the pro- 
duction of dates ; for being at Martinico, he there saw growing by an old con- 
vent near the place, where they anchored, a palm-tree bearing dates, though 
the only one of its kind which was thereabouts. Whether it was male or fe- 
male, he did not pretend to determine, but was certain, that' there then wasv 
none, nor had been any, within 2 leagues of the place where it grew. He 
doubts indeed whether this tree bearing fruit did not proceed from the farina 
foecundans of the male cocoa tree, which is a species of palm, and which grew in 
abundance near the tree that bore dates : but he observes, that the stones of 
these dates did not vegetate, and that those who were desirous of propagating 
date-trees, were obliged to plant the Barbary dates ; as he believed the others 
had not the germ proper to produce the tree. F.rom this account it is vety ob- 
vious, that the palm-tree here mentioned, was a female, in which though the 
fruit ripened, it was in such a state of imperfection, as not to be able to propa- 
gate its species. In this manner we have eggs' furnished by hens without a cock ; 
but these eggs produce no chickens. What this father says of the female palm- 
tree’s bearing fruit without the assistance of the male, Mr. Miller says, has been 
fully confirmed to him by several persons : and John Bauhin, an author of great 
credit, describes and figures the whole fructification of a palm-tree, which he 
saw growing at Montpelier, and which not only produced branches of male 
flowers, but also female ones bearing dates. Mr. Ray many years after tells us 
in his history of plants, that at Montpelier he saw this very remarkable" tree men- 
tioned by John Bauhin. This variety in the fructification of the palm-tree, sin- 
gular as it may seem, has been likewise observed in some few others. The 
learned Jungius, in his Doxoscopia, mentioning that class of trees which are 
male and female in different parts of the same tree, says, “ that trees of this kind, 
when they have for many years produced flowers without fruit, afterwards pro- 
duce fruit without flowers. This, he thinks, should be further inquired into.’* 
This, since Jungius’s time, has been done, and it has been found, that some- 
times some of the trees of this class are wholly male, while young ; but as they 
advance in age, they have flowers of both sexes, and afterwards become entirely 
female. This fact Mr. Miller has frequently himself observed in the mulberry- 
tree ; and the Chevalier Rathgeb, a gentleman excellently well versed in what- 
ever relates to vegetation, has observed, that a large tentiscus, or mastich-tree, v 
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near his garden, had for 30 years produced only male flowers, but that for 3 
years past it had produced plenty of fruit. 

The foundation of the discovery of the real sex of plants, which is of no less 
importance in natural history, than that of the circulation of the blood in the 
animal economy, was laid by the members of this learned Society ; though much 
of the honour due to them is attributed by foreigners to the late ingenious Mons. 
Vaillant of Paris : and this may have arisen from our language not being gene- 
' rally understood on the continent. Sir Thomas Millington, sometime Sedleian 
lecturer of natural philosophy at Oxford, as we see by our worthy member Dr. 
Grew’s anatomy of plants, seems first to have assigned a more noble purpose to 
the stamina and apices of flowers, than that which had been attributed by pre- 
ceding writers, and by Mons. Toumefort afterwards; viz. that of secreting some 
excrementitious juices, which were supposed hurtful to the embryos of the fruit. 
Sir Thomas conjectured, and rightly, “ that the stamina and apices served as 
the male for the generation of seed.” This hint, which was afterwards adopted 
by Mr. Ray, in the preface to his Sylloge Stirpium Exterarum, Dr. Grew carried 
farther, as we find by his works; and it was followed by Camerarius, professor 
at Tubingen; but our member Mr. Morland, afterwards pursued this inquiry 
much higher, as we see by his memoir published in the Phil. Trans. N° 287. 
After these, Messrs. Vaillant and Geoffroy illustrated and strengthened these 
discoveries by very curious experiments; so that now nothing seems wanting for 
the confirmation of the truth of this doctrine. 

So much for the discovery of the sex of plants in general, on which Linneus 
has founded his system of botany, at present so much and so well received. 
Whoever therefore would consider minutely the structure of flowers, and the al- 
most infinite variety of the number and disposition of their parts, may consult 
Linneus’s Philosophia Botanica lately published, where this subject is treated in a 
very copious and instructive manner. 

XXVI. On a small Species of Wasps.* Bp Mr. John Harrison of Cambridge, 
, in New England, p. 184. 

About the 28th of May, Mr. H. discovered hanging to the roof on the inside 
of a green-house (which was of wood) something about the size of a child’s farthing 
ball, in shape like a Provence rose full grown, before it opens, that is, a round 
bottom, ending in a blunt point ; at which point was a round hole, large enough 
for insects (something less than a wasp) to go in and out at. He soon perceived 
that it was the work of insects, a small species of wasps. They have ft legs, 

* See a pretty good representation of nests of this kind in the 6th vd. of Reaumur's Hist, oi 
Insects, pi. )9> 
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black near the body, then yellow, ending in cinnamon colour. Some have 6 or t 
7 rings, of a bright yellow colour round the tail part, with small hollows or in- 
dents on the upper parts. The divisions between the rings are of a bright jet 
colour ; the face is yellow ; on the head are 2 horns. These insects are very in- 
dustrious in making their nest. The top is fastened to the ceiling, and formed 
of many round coverings, one within another, yet not touching each other, by 
the 8th of an inch. Probably this space is left to make the cells, in which they 
lay their eggs. 

Their manner of working is curious, and as it is principally performed exter- 
nally there is an opportunity of seeing every circumstance of the operation, which 
is carried on with as much application, and perhaps more skill and contrivance 
than the honey-bees, who are beholden to a hive or hollow tree, &c. to fabricate 
their combs in ; whereas these little animals are the sole builders of the outer 
walls, as well as the interior parts of their dwellings. They range about for the 
materials, but with all his endeavours Mr. H. could never observe from whence 
they were collected ; only that they bring a little lump of dark-coloured paste 
between their fore legs, about the size of a radish seed. This they carry first to 
the inside of the covering, which they are about to finish, and stay near half a 
minute, probably to work some of it on that side ; then they return with the 
greatest part, to enlarge it on the outside, which they execute in a most dextrous 
manner, by taking the paste from between their legs with their mouths, (which 
open cross ways to their body) and fixing it on the edge of the covering, working 
backwards, for about an inch at a time in length, and then spread and smooth it 
with their horns. This is all performed in about 2 minutes, and they are seldom 
more than 5 days in finishing a whole cover. Their number is only between 20 
and 30. They seem not at all hurtful ; and are so intent on their business, 
that if 3 or 4 people at a time are looking within so many inches of their nest, 
they neither attack them, nor- forbear to carry on the public work, which comes 
to be about 5 inches diameter, and about 4 deep. 

They continued their work till they had finished 1 5 coverings one over another, 
and began 3 more, which they never completed. About the l6th of August 
there was a cessation of their usual industry. There was only one or two in a day 
at work, which continued to the 20th, when they quite gave over adding any 
more to their nest. Since that, he could only see one or two going in and out 
once or twice a day, for about a fortnight after. In that time he observed 2 of 
these insects come out of their nest, of an extraordinary size, at least one-third 
largo* than those that built the nest. These seem, and doubtless are, the parents 
of queens appointed by the all-wise Creator for continuing their species, as their 
sluggishness has a near analogy to the queen-bees, that are sometimes seen to 
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come to the mouth of the hive, without any other seeming business than to take 
the air, and show themselves, and then return into the hive again. ' About the 
6th or 7th of September, he saw the last ; none were afterwards seen (Dec. 22). 
If these insects may be compared to hornets, which they most resemble, in their 
making and hanging up of their nest, the queens will only survive, and each in 
the next spring be the founder of a new colony. The common wasps are under 
the same regulation. The males die at the approach of winter, and leave but 
tew females to survive them. This is wonderfully contrived to prevent the in- 
crease of such noxious animals; whereas the bees, so beneficial to mankind, 
survive the winter, unless robbed of their honey, which is their support during 
that season. 

In the spring, finding none of the insects appeared, Mr. H. took down the 
nest, which he found had been quite deserted. 

4 

XXFI1. Concerning Mr. Bright , the Fat Man at Malden in Essex. By T. 

Cole , M.D. Dated Chelmsford, Xpril 16, 1751, p. 188. 

Mr. Edward Bright, grocer, of Malden in Essex, died there the 10th of 
November 1750, in the 30th year of his age. He was a man so extremely fat, 
and of such an uncommon bulk and weight, that there are very few, if any, such 
instances to be found in any country, or on record in any books. He was 
descended from families greatly inclined to corpulency, both on his father’s and 
his mother’s side. He was always fat from a child, yet strong and active, and 
used much exercise, not only when a boy, but till within the last 2 or 3 years of 
his life, when he became too unwieldy. He could walk nimbly, having great 
strength of muscles, and could not only ride on horseback, but would some- 
times gallop after he became between 30 and 40 stone weight. He used to go 
to London about his business, till the journey (40 miles) became too great a 
fatigue to him ; so that he left it off some years before he died. In the last 
year or two he could walk but a little way, being soon tired, and out of breath. 
At 124. years old he weighed 144 pounds ; and before he was 20 he weighed 24 
stone or 336 pounds. The last time he was weighed, about 13 months before 
he died, his weight, exclusive of his clothes, was 41 stones and 10 pounds, or 
584 pounds. What it exactly was at the time of his death, cannot be told; but 
as it was manifestly increased since the last weighing, if we take the same propor- 
tion by which it had increased for many years on an average ; viz. about 2 stone 
a year, and only allow 4 pounds addition for the last year, on account of his 
moving about but little, while he continued to eat and drink as before, this will 
bring him to 44 stone or 616 pounds neat weight. • 

As to his measure, he was 5 feet 94 inches high. His body round the chest 
just under the arms measured 5 feet 6 inches, and round the belly 6 feet 1 1 
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inches. His arm in the middle of it was 2 feet 2 inches about, and his leg 2 
feet 8 inches. 

He had always a good appetite, and when a youth used to eat somewhat re- 
markably ; but toward the end of his life, though he continued to eat heartily, 
and with a good relish, yet he did not eat more in quantity than many other 
m£n of good appetite. Though he did not take any liquor to an intoxicating 
degree, yet perhaps on the whole he drank more than might have been advisable 
to a man of his very corpulent disposition. When he was a very young man, he 
was fond of ale and old strong beer but afterwards his chief liquor was small 
beer, of which he commonly drank about a gallon in a day. In other liquors 
he was extremely moderate, when by himself, sometimes drinking half a pint of 
wine after dinner, or a little punch, and seldom exceeding his quantity ; but 
when he was in company, he did not confine himself to so small an allowance. 

’ He enjoyed for the most part as good health as any man, except that in the 
last 3 years, he was 2 or 3 times seized with an inflammation in his leg, attended 
with a little fever ; and every time with such a tendency to mortification, as to 
make it necessary to scarify the part. But by the help of scarifications and fo- 
mentations, bleeding largely once or twice in the arm, and purging, he was 
always soon relieved. 

He married when 22 or 23 years old, and lived a little more than 7 years in 
that state ; in which time he had 5 children born, and left his wife with child of 
the 6th, near her time. 

His last illness, which continued about 14 days, was a miliary fever. It began 
with pretty strong inflammatory symptoms, a veiy troublesome cough, great 
difficulty of breathing, &c. and the eruption was extremely violent. His body 
began to putrify very soon after he was dead ; so that notwithstanding the wea- 
ther was cool, it became very offensive the next day before a coffin could be 
made. The coffin was 3 feet 6 inches broad at the shoulders, 2 feet 3p inches 
at the head, 22 inches at the feet, and 3 feet 1-J- inch deep. 

XXVIII. The Effects of the Hyoscyamus Albus ,* or White Henbane. By Dr. J. 

Stedman, late Surgeon Major to the Regiment of the Royal Grey Dragoons. 
p. 19 4 * 

In the month of August 1748, while the Greys were cantoned in the village of 
Vucht near Boisleduc in Dutch Brabant, 5 men and 2 women of that regiment 
having eaten of the leaves of the hyoscyamus albus, shred and boiled in broth, 
were soon after seized with a giddiness and stupor, as if drunk. Dr. S. saw them 

* The plant here mentioned was, as Mr. Watson afterwards remarks, the kyotcyamus ntger, 
lino, or common henbane. 
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about 3 hours after eating of it ; and then 3 of the men were become quite in- 
sensible, did not know their comrades, talked incoherently, and were in as high 
a delirium as people in the rage of a fever. They all had low irregular pulses, 
'slavered, and frequently changed colour: their eyes looked fiery, and they 
catched at whatever lay next them, calling out that it was going to fell. They 
complained of their legs being powerless. He mixed what ipecacuanha he: had 
with him in warm water, and made them drink it; and afterwards threw in as 
much warm water and oil, as he could prevail with them to swallow. Those 
who were not Insensible vomited freely, and were relieved by it. Two of the -3 
'affected with delirium, though they dtank great quantities, did not vomit, but 
had profose sweats, and passed plenty of urine, by which -they were likewise 
somewhat relieved. The 3d of these was obstinate, and coufcl not 1 be* prevailed 
on to do any thing. The symptoms with him continued longer, and were morc 
violent. He Was So restless, that though he could not walk, 2 of his comrade . 
Were notable to keep him in -a chair. Next morning they had no other com- 
plaint' than people commonly have after great drinking; but afterwards (though 
the danger seerhed over) some of them complained of feebleness 1 anda ‘Weight at 
their ' stomachs ; bthere, of gripes, stitches, headach ; and all of them -were ver- 
tiginous at times. These complaints continued above a month after theaocident. 
t)ne of the wortien had her hands 1 stiff and swelled ;• whether from the- action of 
the* vomit, br the force of the poison, he knew not. The man who - gathered 
these leaves in mistake for another plant, said, that from the nearest conjecture 
1 he could make, there might' be from 15 to 20 leaves, boiled in about- 10 quarts 
Of ‘water. They did not eat half of that quantity, 1 and the poisOnf begftrt ; to: dis- 
cover itself with Sortie of thCm in half an hour. This -seemed 1 to bo ‘the- hyoscy- 
dmus rrtajor ' albus of Caspar Banhin. It is ■ easily known by its largeMduaUsh 
bell-flower ; but'' if not 1 in 'theffower, the 'remarkably noisome smell of the leaf, 
sblrt'dwhat nirCotic, if 'Orfce krtown, 'Will evfer after discover 'it. 

Some time before' this accident, sortie of the ; horses had- beCn pdt'irtto #n 
orchard, where they cropped the branches of these trees, and in about 4 hours, 
without any previous symptom of disorder, ‘dropped down, * and • after a 'struggle 
of a minuter or two died. This was probably aboht the time that 'the juice entered 
the blood. 

Rbtrtdrhs by Mr. fVm. fVatson, F. Rl iS.^—On reading the-above paper,. Mr. 
WatsOn r dBserted, that 1 the effects could not arteeftoni the hyoscyamusalbus, or 
White henbane, 'as Dr. Stedm&n imagines; that plant, from the cimeurrent tes- 
timony of the best ’ botanical writers, not being found* so far north asBeabant : 
but the mischief was done by the hyoscyamus niger, or black henbane, which 
grbws plentifully there,' as Well as ahnOst all over Etirope in Uncultivated places, 
and by the sides of roads. The white on the contrary is sown in gardens, and 
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not found spontaneous in higher latitudes than the southern parts of France. 
Or Stedman’s description demonstrates likewise that the above plant was the 
hyoscyamua niger> as he says, that ‘ it is known by its duskish bell-flower.’ The 
flower of black henbane is of that hue, being of a yellow colour interspersed with 
veins of purple ; whereas the flower of the white henbane is of a pale yellow 
colour. Tina error arises from the improper denomination imposed on many 
plants by the ancients, and which has been preserved even since the revival of 
letters ; which, to one not very well acquainted with botany, is liable to mislead. 
Thus, in the case before us, the leaves of the black henbane are very little less 
white than those of the white ; but this denomination took its ris^e ffojn the dif- 
ferent colour of their seeds. In such cases therefore, withopt being well ac- 
quainted with the specific difference of each plant, before it ripens its seed, it is 
not a little difficult to distinguish them pne from the other. This specific dif- 
ference will he beat furnished by the leaves. Thus in the henbane, the leaves of 
the white ace placed on lqng footstalk? ; those of the black have none, but the 
lower extremity of the leaf surrounds the stalk. 

JCXfX. T& kept Proportions for Steam-engine Cylinders, if ft Given Coiitent, 
considered. By Francif Blake,* Esq. F.lt.S. p. 197. 

The steam-engine, for draining of mines, is a master-piece of machinery, a 
very capital contrivance in the works of art, and meriting our attention for fur- 
ther improvements. The prodigious vessel of water to be kept always boiling, 
when only an inconsiderable part of it is employed in die work, savours too little 
of the frugality of nature, which we ought ever to imitate. But waving that 
now, what Mr. B. inquires into here, and endeavours to regulate, is the propor- 
tion of the cylinder's altitude and base ; which has not been hitherto noticed. 

It is evident, in the first place, from a general law of mechanics, that the 
content of the cylinder remaining the same, the quantity of water discharged at 
each lift will in all cases be equal, by only changing the distance of the centre 
of the piston from the fulcrum of the balance. It will be granted also that the 
excess of the column of atmosphere, above that of the water, is a weight on the 
piston, driving it -to a depth of about 5 feet, by the present construction, within the 
cylinder ; acceleratedly till friction and an impediment from the steam, which 
remains in the cylinder even after the jet d’eau, and is increased in elasticity 
while its bounds are diminished, shall equal the accelerative force j and that then 
again the piston is retarded the rest of the way. It may be convenient to re- 

/* Francis Blake, Esq. a gentleman of great fortune, and a very learned man, was the father of the 
.presept Sir Francis Blake, Bart, of, Twizel Castle in the county of Northumberland, also a learned 
and very respectable character. 
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mark too, that if the rarefaction be so complete, that the descent would .be 
greater than the construction admits of, the retardation is augmented by a 
brachium of the balance pressing on springs. But to say nothing of friction here, 
we can, notwithstanding this diminution of force by the remainder of steam 
within the cavity of the cylinder, demonstrate the ratio of the velocities, and the 
times of descent of the pistons, in cylinders of unequal altitudes, to be exactly 
the same as if the resistance was nothing ; whence we shall without difficulty 
arrive at some conclusion in this matter. 

m n is the working part of a steam engine cylinder, of the usual height, equal in 
diameter to a shorter onemn, fig. 1 , pi. 6; and the rarefaction in both of them 
being supposed the same, AQ=aq, R<a=rq, and AR=ar, may represent the ex- 
cess of the atmosphere’s weight above the column of water, the resistance to the 
pistons from the remainder of steam, and the effective force, respectively, e„ g. 
at the beginning of the descent. Take then every where ak: ak:: an: an, 
and at all similar positions the resistance b c of m n and force k c on its piston, 
will be equal to the resistance b c of mn and force kc on its piston ; and by what 
Sir Isaac Newton has demonstrated (Book 1, Prop. 39,) of the descent of bodies, 
we have */akcr: /akcr:: celerity in k: celerity in k. But these areas 
being evidently as the corresponding parallelograms kq and ko, and these again 
as their heights, the celerities generated are in the subduplicate ratio of ak: ak, 
as if the resistance had been nothing ; and by an obvious enough reasoning from 
the said proposition, the times also appear to be in the above-mentioned ratio ; 
which ratio is not any way varied, though the resistance prevails from the inter- 
secting points o. 

Now, to apply what has been said to the business in hand ; if t w be a cylinder 
of equal content with the cylinder mn, the quantity of water delivered by both 
will, as a consequence of the fundamental law of mechanics observed above, be 
the same at each lift: but the cylinder tw is no higher than nm, and ex 
hypoth. their rarefactions are equal ; therefore by what has been proved with 
regard to the times, the time of the piston’s descent in tw, will be to that of the 
piston’s descent in mn:: /ew: v' an; whence in any given time the broad 
cylinder tw will perform more than the longer one mn of equal content, and 
that in the ratio of their diameters ; for f e 4 X e w = m a 9 X a n ex hypoth. 
andEw: an:: ma 9 : et 4 , consequently ^ew: v^ an:: ma: te. The friction 
too ^diminished with the slowness of the motion, and because the periphery in- 
creases in a less ratio than does the area of a circle. 

The result of the whole then is in favour of the broad cylinder ; and still the 
broader the better ; for unless some mechanical considerations should limit the 
problem, it is evident in a geometrical sense, that there is no limitation. A 
disadvantage might arise perhaps to the effect of the jet d’eau from thus increas- 
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ing the breadth ; which however would probably be remedied by a number of 
these jets : but be that as it may, it is certain, that to augment the diameters, 
and diminish the lengths of the smaller kind of cylinders, now used, could have no 
such inconvenience, nor fail of being attended with an augmentation of force. 


XXX. Mr. John Bradley s Observation of the Occultation of Venus by the Moon. 
Communicated by Mr. James Short, F.R.S. p. 201. 

Mr. Gael Morris having favoured Mr. Short with the observation of the late 
occultation of Venus by the moon, taken at Greenwich with great exactness by 
Mr. John Bradley, he laid the same before the Royal Society, in order to show 
its very near agreement with those phases, which Dr. Bevis observed at his house 
in Surry-street, allowing for the difference of meridians. 

Apparent time. 

1751 April 15, 22 h 41 m 45* The first contact; doubtful to 1 second. 

42 18 Quite immerged. 

23 15 364 - Began to emerge. 

l6 8 4- Wholly emerged. 
l6, 1 39 12 Venus passed the meridian. 


XXX I. An Account of Mr. Benjamin Franklins* Treatise, inti tied, Experi- 
ments and Observations on Electricity , made at Philadelphia in America. By 
JFm. fVatson, F.R.S. p. 202. 

Mr. Franklin’s Treatise, lately presented to the Royal Society, consists of 4 
letters to his correspondent in England, and of another part intitled, * Opinions 

* Dr. Benjamin Franklin, one of the most celebrated philosophers and politicians of the 18th cen- 
tury, was born at Boston in North America, in the year 1706’. His father was a tallow-chandler 
there, and young Franklin was taken from school at 10 years of age to assist him in that business. 
But after two years spent in this situation, he was apprenticed to an elder brother, then a printer in 
Boston, who in 1721 began. to print a newspaper there ; the copies of which our author was sent to 
distribute, after having assisted in composing and printing it. On this occasion, our young philoso- 
pher enjoyed the secEet and singular pleasure of being the much admired author of many essays in 
this paper; a circumstance which he had the address to keep a secret, even from his brother himself; 
and this when he was only 15 years of age. 

The frequent ill usage from his brother produced a separation between them, when our author, at 
17 years of age, withdrew privately to New York, and thence to Philadelphia, where he worked’ 
with a printer a short time. Here he was much noticed by Sir Wm. Keith, governor of the pro- 
vince, who advised him to go to England to purchase printing materials, to commence the business 
on bis own account in Philadelphia, promising to advance him the money, and send him letters of 
credit to London for that purpose. This promise however was never fulfil led* and Mr. F. was thua 
thrown upon London at 18 years of age, without either money, friends, or credit. He soon fount! 
employment however as a journeyman printer ; and after continuing about 18 months in this station $ 
he returned to Philadelphia in 1726, along with a merchant of that town, as his clerk. But hi* 
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arising from experiments aiid Observation*/ 


master dying the same year, be again applied to the printing business, and soon after set up a print- 
ing house himself. About the same time Mr. F. selected, and assembled tpgether, a few youths like 
himself, of a literary and philosophical turn of mind, forming a cliib of society, to meet on certain 
days to converse on such subjects, to read books, and to write useful essays. Their collection of 
books gradually increased, iftd at length advanced to a public library. The other colonies, sensible 
of its advantages^ began to forte similar plan ! ; afld hence originated the libraries It Boston,, New- 
York, Charlestown, &c. $ that of Philadelphia having since become equal to any in Europe. 

About 1728 or 1729* young Franklin set up a newspaper in Philadelphia, which proved very pro- 
fitable, and otherwise useful, as affording In Opportunity of making hinisdf known as a political 
Writer. He now became a piddle mah ; bifc talents began to be generally known, and m consequence 
lie was appointed successively to the offices of printer to the House of Assembly, clerk to the Gene* 
ral Assembly of Philadelphia, and post-master, and at length a member of the general assembly itself. 
In 1738 he formed the first fire-company there, to prevent and extinguish fires in houses, &c. also 
insurances from the same ; plans which still exist, and were soon imitated by other persons and in 
other places. Jn 1744, during a war betWfcefl France afld England, the French and Indians falling 
on the back settlements, by Mr. F.’s exfertiOfls a body Of 10,000 volunteers were raised for their de- 
fence and security. 

Pursuits of a different nature next occupied his chief attention for some years. Being always much 
addicted to the study of natural philosophy ; and the discovery of the Leyden experiment in electri- 
city having rendered that science an object of general curiosity ; Mr. F. applied himself to it, and 
greatly distirigui shed himself in it. By his experiments fie Made a number of important discoveries, 
And proposed ingenious theories to nCcoflht for Various phenomena $ which hare since been generally 
adopted. His observations he communicated, in a series of letters, to, his friend Mr. CoUiiuou in 
England, by whom they were published j the first of which is dated March 28, 1747. In these be 
makes known the power of points 1ft drawing and throwing off the electric ma tte r , on which he 
afterwards founded his celebrated method Of securing buildings from the Stroke and damage of thun- 
der and lightning, having previously proved experimentally the identity of electricity and the matter 
of lightning : on similar principles too he explained the aurora borealfe* 

In the year 1749 he proposed a plan Of an {academy, to be erected in «he dty of Philadelphia, m a 
foundation for posterity Xo found a seminary of learning, ft: ore extensive and suitable to future cir- 
cumstances > and in 1750 ihrde of the schools were Opened, vi«. the Latin <and Greek school, *be 
mathematical school, and the English school. This foundation soon after gave rise to another m ot e 
extensive college, incorporated by charter in 1755, Which is now in a very flourishing condition. 
In this last year, when he returned to London, he met with the greatest respect from all learned 
men: he was elected f.k.s., Ind had the honour of the Society’s *gotd medal for 'his philosophical 
discoveries 5 he had also the degree of doctor of laws conferred on him by xfifieicnt universities. But 
at this time, by reason of the war which broke out between England and France, be returned to 
America, and interested himself in the piibUc affairs of that country, with most effectual benefit. Id 
1757 he was again sent to England as agent for the province of Femttylv<mfa, Massachusetts, Maty- 
land, and Georgia ; after remaining here 5 years, he returned to America 4n 1702, where henececved 
public thanks for his faithful services. In 176*4 be again returned to England <as a provincial ogeut, 
where he remained many years. In 1706 he was examined before the House Of Gomrooos relative to 
■the state of America, particularly as to the stamp flet, 'which Wis neon dfcer 'repealed. But the 
troubles were now beginning, and the British government deemed resolved to acoftertfle rather than 
divert the storm. Dr. F. remained in Europe till 1775, aud -then returned to his ^native country. 
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The 4 letters, the last .of .which contains a new hypothesis for explaining the 
several phenomena of thunder-gusts, have either in the whole or in part been 
before communicated ; to the r. : s. It remains therefore now only to lay before 
the Society . an . account . of :the latter part of this treatise, rs, well .as that of a letter 
intended to be added to it by the authofj but which arrived too late for publi- 
cation with it. 

This ingenious author, from. a variety of well adapted experiments, is of opi- 
nion, that the eleetrical matter consists of particles extremely subtle, since it can 
permeate common matter, even the densest metals, ( with such ease, and freedom, 
as.not to receive any perceptible resistance. Electrical matter, according to him, 
differs ifrwn, common. matter in this, .that the.parts of the latter mutually attract, 
and.those of the former mutually repel each other; hence the divergency in a 
stream of electrified effluvia: * but that, though the particles ofelectrical matter 
do repel-each. Other, theyi are, strongly attracted, by : all other matter. ; From these 
3 things, viz. therextreme suhtilty pf the electrical matter, the . mutual repulsion 
of its; pert?, <md ,the ?trong; attraction between them and other matter, .arises tjhis 
effect, that whunjAi quantity of electrical matter is, applied to a ma?s of common 
dmatter. of jwy si*e or ,lengtli,withip ; our observation (which h.as not . already got 


having first endeavoured in vain to dissuade the ministry from their coercive measures. His fame 
stood as high in the political as it had done in the scientific world. He became an active .member of 
the* fiew legislative * assembly, *and> America i* indebted for the formation of its constitution to. this 
^ir tpewa and eahghteflrd philosopher. j After; important service fie ; was sent; avot&pqfor, to, France, 

to negociate an alliance with thaUawiUy, in. which bo ufas qpnAglpte}y. successful. He also, acted as 
one of the plenipotentiaries for his country in signing the treaty of peace with England in 1733. Two 
years after, he returned again to America,, and received from bis grateful countrymen those honours 
and distinctions whichthe had so justly merited. At length, after rendering to mankind the most 
-essentiial bonefitsias a natural ancUnoral philosopher, the infirmities of age. and sedentary employments 
.inamaingifast wppn hwb fbonbenupaenwe. andmpfe .with -thq goutand the stone, till ^he 

bis death,, which happened. the 17th .of AprU 17 ^ 0 „ at $4 years of .^ge. 

Tp record Dr, Franklins numerous discoveries and experiments, with the many useful institutions 
founded bylns means, and* the other curious transactions of his long and valuable life, would require 
-an -ample Tohime :im<Hnd*ed ^posthumous #nne baa been published,- drawn, up by himself, hut 
rooUaiatng enlyabtufc half. ithe^ nuof J his t life 5 ;wluchiea**.*;ge^^ of 

xwch m tanastipg uannaoksrAnay f pn^ day* see.thp, light. 

,Dn F. waa*atHhor of very numerous tracts apd essays on variqus branches of natural philosophy, as 
well as on politics and miscellaneous subjects, which have been published in different forms. His 
' diction wasv-easy, natural, and -flowing ; and his conversation at oqco amusing and instructive. His 
t temper and manner innocent, playful, * interesting. , His- character leading ^and.persua&iye, 

wiot oommaiKliog. : Asn«i^bi»fP^ a,,boy„be,j*a* always . the .captain,, leader, ^nd 

conductor j among men of all descriptions, in maturer age, be was the life and soul of eveiy com- 

,pany. 

# As the. e lec tric stream is observed to diverge v^rylittle, when the experiment is made in vacuo, 
this appearance is more owing to the resistance of the atmosphere, that tp .any, natural tendency in 
the electricity itself. W . W Orig. 
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its quantity) it is immediately and equally diffused through the whole. Thus 
common matter is a kind of sponge to the electrical fluid; and as a sponge would 
receive no water, if the parts of water were not smaller than the pores of the 
sponge ; and even then but slowly, if there was not a mutual attraction between 
those parts and the parts of the sponge ; and would still imbibe it faster, if the 
mutual attraction among the parts of the water did not impede, some force -being 
required to separate them; and fastest if, instead of attraction, there were a 
mutual repulsion among those parts, which would act in conjunction with the 
attraction of the sponge : so is the case between the electrical and common -mat- 
ter. In common matter indeed there is generally as much of the electrical as it 
will contain within its substance : if more is added, it lies without upon the suiu 
face,* and forms what we call an electrical atmosphere ; and then the body - is 
said to be electrified. - 

It is supposed, that all kinds of common matter do not attract and retain the 
electrical with equal force, for reasons to be given hereafter ; and that those 
called electrics per se, as glass, &c. attract and retain it the strongest, and con- 
tain the greatest quantity. We know that the electrical fluid is in common 
matter, because we can pump it out by the globe or tube ; and that common 
matter has near as much as it can contain ; because, when we add a little more 
to any portion of it, the additional quantity does not enter, but forms an elec- 
trical atmosphere ; and we know that common matter has not generally more 
than it can contain ; otherwise all loose portions of it would repel each other, as 
they constantly do when they have electric atmospheres. 

The form of the electrical atmosphere is that of the body which it surrounds. 
This shape may be rendered visible in a still air, by raising a smoke from dry 
resin dropped into a hot tea-spoon under the electrized body, which will be at- 
tracted and spread itself equally on all sides, covering and concealing the body. 
And this form it takes, because it is attracted by all parts of the surface of the 
body, though it cannot enter the substance already replete. Without this attrac- 
tion it would not remain round the body, but be dissipated in the air The 
atmosphere of electrical particles surrounding an electrified sphere is not more 
disposed to leave it, or more easily drawn off from any one part of the sphere 
than from another, because it is equally attracted by every part. But that is not 
the case with bodies of any other figure. From a cube it is more easily drawn at 
the comers than at the plane sides, and so from the angles of a body of any 
other form, and still most easily from the angle that is most acute; and for this 

* The author of this account is of opinion, that what is here added, lies not only without upon the 
surface, but penetrates with the same degree of density the whole mass of common matter, upon 
which it is directed,— Orig. 
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reason points have a property of drawing on, as well as throwing off the electri- 
cal fluid, at greater distanoes than blunt bodies can. 

From various experiments recited in our author’s treatise, the preceding ob- 
servations are deduced. And the following are a few of the other most singular 
ones. The effects of lightning, and those of electricity, appear very similar. 
Lightning has often been known to strike people blind. A pigeon, struck dead 
• to appearance by the electrical shock, recovering life, drooped several days, ate 
nothing, though crumbs were thrown to it, but declined and died. Mr. F. did not 
think of its being deprived of sight ; but afterwards a pullet, struck dead in like' 
manner, being recovered by repeatedly blowing into its lungs, when •set down on 
the floor, ran headlong against the wall, and on examination appeared perfectly 
blind; hence he concluded that the pigeon also had been absolutely blinded by the 
shock. From this observation we should be extremely cautious, how in elec- 
trizing we draw the strokes, especially in making the experiment of Leyden, 
from the eyes, or even from the parts near them. 

Some time since it was imagined, that deafness had been relieved by electrizing 
the patient, by drawing the snap9 from the ears, and by making him undergo 
the electrical commotion in the same manner. If hereafter this remedy should 
be fantastically applied to the eyes in this manner to restore dimness of sight, it 
will be well if perfect blindness be not the consequence of the experiment. 

By a very ingenious experiment our author endeavours to evince the impossi- 
bility of success, in the experiments proposed by others of drawing forth the 
effluvia of non-electrics, cinnamon, for instanoe, and by mixing them with the 
electrical fluid, to convey them with that into a person electrified; and our author 
thinks, that, though the effluvia of cinnamon and the electrical fluid should mix 
within the globe, they would never come out together through the pores of the 
glass, and thus be conveyed to the prime conductor; for lie thinks, that the elec- 
trical fluid itself cannot come through, and that the prime conductor is always 
supplied from the cushion, and this last from the floor. Besides, when the 
globe is filled with cinnamon, or other non-electrics, no electricity can be ob- 
tained from its outer surface, for the reasons before laid down. He has tried 
another way, which he thought more likely to obtain a mixture of the electrical 
and other effluvia together, if such a mixture had been possible. He placed a 
•glass plate under his cushion, to cut off the communication between the cushion 
«nd the floor; he then brought a small chain from the cushion into a glass of 
oil of turpentine, and carried another chain from the oil of turpentine to the 
floor, taking care that the chain from the cushion to the glass touched no part 
■of the frame of the machine. Another chain was fixed to the prime conductor, 
and held in the hand of a person to be electrified. The ends of the two chains 
in the glass were near an inch from each other, the oil of turpentine between. 
vol. x. C c 
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Now the globe being turned could draw no fire from the floor through the ma- 
chine, the communication that way being cut off by the thick glass plate under 
the cushion: it must then draw it through the chains, whose ends were dipped 
in the oil of turpentine. And as the oil of turpentine, being in some degree an 
electric per se, would not conduct what came up from the floor, the electricity 
was obliged to jump from the end of one chain to the end of the other, which 
he could see in large sparks; and thus it had a fair opportunity of seizing of the 
finest particles of the oil in its passage, and carrying them ofF with it ; but no 
such effect followed, nor could he perceive the least difference in the smell of 
the electrical effluvia thu3 collected, from what it had when collected otherwise; 
nor does it otherwise affect the body of the person electrified- He likewise put 
into a phial, instead of water, a strong purging liquid, and then charged the 
phial, and took repeated shocks from it; in which case every particle of the elec- 
trical fluid must, before it went through his body, have first gone through the 
liquid, when the phial is charging, and returned through it when discharging; 
yet no other effect followed than if the phial had been charged with water. He 
has also smelt the electrical fire, when drawn through gold, silver, copper, lead, 
iron, wood, and the human body, and could perceive no difference; the odour 
being always the same, where the spark does not bum what it strikes; and there- 
fore he imagines, that it does not take that smell from any quality of the bodies 
it passes through. 

Mr. Franklin, in a letter to Mr. Collinson some time since, mentioned his 
intending to try the power of a very strong electrical shock on a turkey. He 
accordingly has been so obliging as to send an account of it, which is to the 
following purpose. He made first several experiments on fowls, and found, that 
2 large thin glass jars gilt, holding each about 6 gallons, were sufficient, when 
fully charged, to kill common hens outright; but the turkeys, though thrown 
into violent convulsions, and then, lying as dead for some minutes, would re- 
cover in less than a quarter of an hour. However, having added 3 other such 
to the former 2, though not fully charged, he killed a turkey of about 10 lb. 
weight, and believes that they would have killed a much larger. He conceited, 
that the birds killed in this manner eat uncommonly tender. 

In making these experiments, he found that a man could, without great de- 
triment, bear a much greater shock than he imagined; for he inadvertently re- 
ceived the stroke of 2 of these jars through his arms and body, when they were 
very near fully charged. It seemed to him an universal blow throughout the body 
from head to foot, and was followed by a violent quick trembling in the trunk* 
which went gradually off in a few seconds. It was some minutes before he could 
recollect his thoughts, so as to know what was the matter; for he did not see 
the flash, though his eye was on the spot of the prime conductor, from whence 
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it struck the back of his hand; nor did he hear the crack, though the bystanders 
said, it was a loud one; nor did he particularly feel the stroke on his hand, 
though he afterwards found it had raised a swelling there of the size of half a 
swan-shot or pistol-bullet. His arms and the back of his neck felt somewhat 
numbed the remainder of the evening, and his breast was sore for a week after, 
as if it had been bruised. From this experiment may be seen the danger, even 
under the greatest caution, to the operator, when making these experiments 
with large jars; for it is not to be doubted, but that several of these fully 
charged would as certainly, by increasing them, in proportion to the size, kill a 
man, as they before, did the turkey. 

On the whole, Mr. Franklin appears in this work in the light of a very able. . 
and ingenious man; that he had a head to conceive, and a hand to carry into 
execution, whatever he thought might conduce to enlighten the subject of which 
he was treating; and though there are in this work some few opinions, in which 
Mr. W. could not perfectly agree with him, he thought scarcely any body was 
better acquainted with the subject of electricity than Mr. F. was. 

XXXII. On Dr. Hales's Ventilators', also the Temperature and Saltness of the 

Sea, &c. By Captain Henry Ellis,* F.R.S. dated Jan. 7, 1750-51, at 

Cape Monte Africa, Ship Earl of Halifax, p. 211. 

The following is a detail of the experiments, which Capt. E. made to prove 
the utility of the ventilators, 1. He took a wax candle, of 8 to the pound, and 
drew it through a mold, to make it of one thickness from end to end: then 
weighed it exactly, and lighted it in the ship’s hold: where it wasted 6 7 grains in 
30 minutes; that place not being ventilated during 24 hours, but after 6 hours 
ventilation it wasted Q4-£- grains in the same time. 

2. He carried into the hold a plate of silver, well polished, and a lantern and 
candle, all blinded, except a round hole of about 2 inches diameter. He placed 
the plate at 6 feet distance from it; and with such obliquity, that the rays from 
the light should fall on its surface at an angle of 45 degrees. He then fixed a 
white paper screen, at the same distance from the plate, and at the same angle as 
the lantern, so that the reflected rays might fall on it also. . This done, he ob- 
served, that the reflection from the plate distinctly was only 17 m 30* with an 
unventilated hold; it being, turned the colour of tarnished lead; whereas, when 
the air was replaced by 4 hours ventilation, it continued to reflect light, and 
retain its brightness 4 h 47°*. 

3. The ship’s bell, whose diameter is 14 inches, he had brought into the hold, 
when ventilation had been omitted 12 hours. Having hung it under the lower 

* Who published an account of his voyage to Hudson's Bay. 
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deck, he took out the dapper, and having suspended it also by thread, which,, 
with its own length, made 44 inches; the angle, which the rim of the bell made, 
with a line let fall perpendicular from the pin, on which the clapper hung, was 
equal to 34'. He then held the clapper at the same angle, on the other side 
of the line, in order that the strokes at different times might be with the same 
force; when, letting it go, it struck the bell. In its return he catched it, and: 
oounting the vibrations, he heard them distinctly only 3 times; whereas, when 
the hold was well ventilated, it vibrated 5 times; but its vibrations were not so- 
quick in the latter as in the former case. 

The ship's crew was very healthy, though their number was 130, not one- 
being sick aboard. The hold, which in most ships is very moist, in theirs was 
quite dry. Their cargo arms, kept there in upright chests, without wrappers, 
came out as bright as from a recent polish. The ventilator was far from being 
inconvenient aboard of them, on the contrary, it was good exercise for the slaves, 
and a means of preserving the cargo and lives. On the passage, Capt. E. made 
several trials with the bucket sea-gage, in latitude 25' 13* north, longitude 25' 
12* west. He let it down to different depths, from 360 feet to 53.46 feet;, when 
he discovered, by a small thermometer of Fahrenheit’s, made by Mr. Bird, 
which went down in it, that the cold increased regularly, in proportion to, the 
depths, till it descended to 3900 feet : whence the mercury in the thermometer 
came up at 53 degrees; and though he afterwards sunk it to the depth of 8346. 
feet, that is, a mile and 66 feet, it came up no lower. Hie warmth df the water 
on the surface, and that of the air, waa at that time by the thermometer 84 
degrees. The water might be a degree or two colder when it entered the bucket, 
at the greatest depth, but in coming up had acquired some warmth; for he found: 
that the water which came up in the bucket, having stood 43 minutes in the- 
air, the time of winding it up, the mercury rose above 5 degrees. When the air 
had rendered it equally warm with the water on- the surface, he tried their weight,, 
by weighing equal quantities very exactly, as also by the hydrometer, and found! 
that from great depths the heaviest, and consequently the saltest water. 

This experiment, which seemed at first but mere food for curiosity, became 
very useful to them. By its means they supplied’ their cold bath, and cooled' 
their wines or water at pleasure; which was vastly agreeable in that burning' 
climate. 

On the preceding account Dr. Hales remarks that the bucket sea-gage, above- 
mentioned, and which he provided for the Captain to find the different degrees- 
of coolness and saltness of the sea, at different depths, was a common houshold 
pail or bucket, with 2- heads in it : which heads had each a round hole in the 
middle, near 4 inches diameter, covered with valves which opened upwards ; 
and that they might both open, and shut together, there was a small iron rod 
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fixed to the upper part of the lower valve, and at the other end to the under 
part of the upper valve : so that, as the bucket descended with its sinking weight 
into the sea, both the valves opened by the force of the water, which had by 
that means a free passage through the bucket. But when the bucket was drawn 
up, then both the valves were shut by the force of the water at the upper part 
of the bucket : by which means the bucket was brought up full of the lowest 
sea-water, to which it had descended. 

When the bucket was drawn up, the hole at the bottom- was stopped with a 
cork, to keep the water in, when the valves were opened, to come at the mer- 
curial thermometer, which being tied to an upright stick, could readily be un- 
fastened, by pulling out a loose nail, which went into the upper end of the stick, 
which was fastened at its lower end in the same manner. But great care must 
' be taken to observe the degree the mercury stands at, before the lower part of 
the thermometer is taken out of the water ; else it would immediately be al- 
tered by the different temperature of the air. To keep the bucket in a right 
position, 4 cords are fixed: to it, which reach about 3 feet below it, to which the 
sinking weight is fixed. 

XXXI II. Observations on the Roman Colonies- and Stations in Cheshire and 
Lancashire . By Thomas Percivai, Esq . ; communicated by Hugh Lord WU~ 
loUghby of Parham, p. 21 6 *. 

In the second iter of Antonine’s Itinerary, we- find", after several other stations,, 
mentioned Eboracum, Calcariam m. p. ix, Camulodunum m. p. xx, Mamuci- 
tun M. P. xvm, Condate m. p. xviii, Devam m. p. xx. Though with various! 
readings of the names. 

It is agreed, that Deva is Chester, and that Mamucium or Manucium or 
Mancunium, is Manchester, by the common consent of all antiquarians. But 
where Condate is situated, is yet a matter of debate ; Mr. P. thinks it must have 
been what is now Kinderton. ' Though Mr. Camden and others declare for 
Congleton ; and some also for Norwich. The great question, where Cambo- 
dunum is situated, whether according to Mr. Camden, at Almondbury, or, ac- 
cording. to Mr. Horsley, at Greatlandmoor, may be so far determined, that is, 
at neither. Mr. P. rather thinks it was about Kirklees, or near Ra&rick on the 
banks of theCalder. 

XXXIV . An Account of Professor Wtnkter’s Experiments relating to Odours* 
passing through electrized Globes and Tubes, being the Extract and Transla± 
tion from the Latin, of two Letters sent by that Gentleman to Cromwell Mor- 
timer, M. D: Sec. R'. 9. With an Account of the Result of some Experi- 
ments made here with Globes end Tubes, transmitted from Leipsie % jlr. 
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fVinkler to the R.S., in order to verify the Facts "before-mentioned. By Mr. 

IV. fValson, F. /?. S., p. 23 1 . 

Professor Winkler, in his first letter to Dr. Mortimer, dated at Leipsic, 
March 12, 1748, mentions, among other particulars, that if odoriferous sub- 
stances were included in glass globes and tubes closely stopped, and if these 
globes were electrized, the smell of the odoriferous substances would as easily as 
the magnetical power pass through the glass, and be conveyed with the electrical 
effluvia to considerable distances, on substances readily conducting electricity : 
that when a man was electrized with a globe of this sort, the odoriferous matter 
pervaded his whole body ; and that not only his skin and his cloths, but his 
breath, saliva, and sweat, were impregnated with the smell of the substance in- 
cluded in the glass. That after these globes had been rubbed a few minutes, 
the flavour of their contents would be strongly perceptible on entering the cham- 
ber in which this operation was performing ; and that the substances which he 
had then tried, were sulphur, cinnamon, and balsam of Peru. 

Mr. Winkler mentions, that when he made use of sulphur in his globe, in 
company with his friend Mr. Haubold, and others, the smell of the sulphur was 
perceived at more than 10 feet distance, and was so prevalent, that his com- 
pany was driven away by it : but that himself staying in some time longer, his 
cloths, his body, and his breath, were infected by it ; and that this smell even 
continued on him the next day. Further, on his repeating the experiment, as 
he had before found, that sulphur had been useful to him, he on the third day 
found in his mouth manifest indications of an inflamed blood. After this he 
wanted to transmit a pleasant odour ; and for this purpose employed cinnamon, 
which under the like circumstances sent forth its odour in great abundance ; so 
that it was not only immediately perceptible to any one entering the chamber, 
but continued there the next day. 

Balsam of Peru, under the like treatment, so impregnated the air of the 
room, that the cloths and the breath of the persons in it smelled of the balsam, 
after having passed through several streets ; and that Mr. Winkler, when drink- 
ing bis tea next morning, still perceived its flavour. A few days after, when the 
smell of the chamber was gone off, he conducted a chain on silk lines from it, 
through the open air into another chamber quite separate from the former. In 
this second chamber he placed a man on a silk net, who held the chain in his 
hand, and after having electrized him with the sphere containing balsam of 
Peru for a quarter of an hour, any person who was perfectly ignorant of what 
was doing, would immediately smell the balsam in it. The man who was elec- 
trized, said that his tea next morning had a finer taste than usual. 

Ms these experiments did not succeed here, though attempted with a due aM 
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tention to whatever could he imagined necessary ; and as they had done so no 
where on the continent, Italy alone excepted, Dr. Mortimer was desired by the 
Royal Society to acquaint Mr Winkler of this want of success, and at the same 
time to desire him to transmit hither, not only a circumstantial account of the 
manner bf making his experiments, but likewise, lest the difference of the result 
might arise from employing different kinds of glass, some globes and tubes fitted 
up under his own eye in the most advantageous manner. This Mr. Winkler 
was so obliging as to comply with ; and accordingly the Society has received 
from him 2 globes and 4 tubes ; and at the same time this gentleman sent a 
letter to Dr. Mortimer, dated at Leipsic, Nov. 23, 1750, minutely describing 
his manner of using them. 

The tubes and globes referred to above, were received by the r. s. about the 
middle of May 1751, and were presented to that body by the president at their 
next meeting ; and they were put into Mr. W.’s hands, that their effects on trial 
might be reported at a future meeting. The largest sphere was of crystal glass 
of about 7 inches diameter, fixed to its wooden spindles by a resinous cement, 
and contained not more than half an ounce of a terebinthinate fluid, less deep 
in colour than balsam of Peru, and more so than balm of Gilead. The smaller 
globe was 5 inches in diameter, mounted nearly as the larger one, and contained 
about half an ounce of beaten cinnamon. The tube containing the flowers of 
sulphur was 2 feet in length, and about half an inch in diameter : it, like the 
globes and the other tubes, was of crystal glass, and in like manner with the 
rest of the tubes was hermetically sealed. The tube, said to contain balsam of 
Pent and chalk, was about 20 inches long, and •§■ of an inch in diameter : that 
said to contain opobalsamum was about l6 inches long, and half an inch in dia- 
meter : and that with spirit of wine and chalk was about 1 7 inches long, and 
about half an inch in diameter. The manner of mounting these globes might 
be somewhat exceptionable for the purposes intended, as the necks were fitted 
to their wooden blocks with a resinous cement without glass stoppers ; so that 
when the globes, from their being rubbed, had warmed the cement, if an odour 
of the matter contained in the glass had been perceptible, it might have been 
urged, that, it came through the cement with more probability than through the 
glass : but nothing of this kind could be objected to the tubes, as they were 
hermetically sealed. 

June 12, 1751, there met at the house of Mr. W. in order to make trial of 
the effects of these glasses, Martin Folkes, Esq. p. Nicholas Mann, Esq. v. p. 
Dr. Mortimer and Peter Daval, Esq. Secs. Mr Canton; and Mr. Schrader, a 
gentleman of distinction well known to, and corresponding with Mr. Winkler; 
The presence of this gentleman was fortunate, as he was thus enabled to satisfy 
both himself and Mr. Winkler of the zeal and address which were exerted in 
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order to verify Mr. Winkler’s assertions. The weather was dry, and very fit 
for electrical experiments. Not the least alteration had been made in Mr. 
Winkler’s globes. The largest globe, said to contain opobalsamum, was first 
•put to the trial : it was first rubbed a considerable time with a dry hand chalked, 
and the snaps at the prime conductor were but weak ; but on rubbing the globe, 
first with the cushion and afterwards with read leather, the snaps were much 
stronger ; and Mr. Canton, as well as another gentleman present, were electrized 
by turns with it : but all this while no smell of the balsam could be perceived 
by any of the company, either on the equator of the globe, or the persons elec- 
trized, or the prime conductor, or any of the rubbers made use of ; though for 
this purpose they carefully observed, not only the method suggested by Mr. 
Winkler, but such others as appeared the most conducive to the present pur- 
pose. When the globe was heated, indeed, by applying the nose to the mount- 
ing, a smell of resin in it was perceived ; but this was all. 

They next tried the less globe containing cinnamon, and most punctually ob- 
served Mr. Winkler’s directions : but all endeavours were to no purpose, for 
they could never, after many trials, either smell the cinnamon, or make the 
electricity the least perceptible on the prime conductor. 

They then began with the tubes : but not one of the company, after veiy 
itiany trials in different ways, could perceive the least odour of the substances 
contained, either on the outside of the tubes, or on the substances electrized by 
them. They thus spent more than 2 hours without success, in endeavours to 
see the effects proposed by Mr. Winkler ; for they were not able to verify them 
in one single instance. 

XXXV. On the Bishop of London's Garden at Fulham. By Mr. William 

■ Watson , F.R.S., p. 241. 

Mr. W. here gives an account to the r. s. of the remains of that famous botanic 
garden at Fulham, where Dr. Henry Compton, formerly bishop of London, planted 
a greater variety of curious exotic plants and trees, than had at that time been 
collected in any garden in England. This excellent prelate presided over the 
see of London from the year l()75 to 1713 ; during which time, by means of a 
large correspondence with the principal botanists of Europe and America, he in- 
troduced into England a great number of plants, but more especially trees, 
which had never been seen here before, and described by no author : and in the 
cultivation of these, as we are informed by the late most ingenious Mr. Ray, he 
agreeably spent such part of his time, as could most conveniently be spared from 
his other most arduous occupations. 

Mr. Ray, in the 2d volume of his history of plants, which was published in 
the year 1688 , gives us a catalogue of the rare and exotic trees and shrubs. 
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. which he had just before observed in the bishop’s garden, which he at that time 
called hortus cultissimus, novisque et elegantioribus magno studio nec minore 
Imp i yuM. undique conquisitis stirpibus refertissimua. As this prelate’s length of 
life and oontinuance in the see of London were remarkable, so we find the bo- 
tanists, who wrote after Mr. Ray, most frequently mentioning in their works 
the new accessions of treasure to this garden ; and of this we meet with a great 
variety of examples in the treatises of Dr. Pluknet, Herman, and Commelin. 

On the death of Bishop Compton, all the green-house plants and more tender 
exotic trees were, as Mr. W. was informed by Sir Hans Sloane, given to the 
ancestor of the present Earl Tylney at Wanstead. And the curiosities of this 
garden were no longer attended to, but left to the management of ignorant per- 
sons ; so that many of the hardy exotic trees, however valuable, were removed, 
to make way for the more ordinary productions of the kitchen garden. 

Mr. W. then subjoins a catalogue of the exotic trees remaining in the Bishop 
of London’s garden at Fulham, June 25 , 1751 . These are the remains of that 
once famous garden ; among which are some, that notwithstanding the present 
great improvements in gardening, are scarcely to be found elsewhere. . From the 
length of time they have stood, several of the trees are by much the largest of 
their kind he ever has seen, and are probably the largest in Europe. This ac- 
count of them therefore is not merely a matter of curiosity ; but we learn from 
it, that many of these trees, though produced naturally in climates and latitudes 
very different from our own, have grown to a very great magnitude with us; 
and have endured our rude winters, some of them for almost a century : and 
that in proper soils and situations they may be propagated to advantage, as well 
as for beauty. For the exemplification of this he recommends to the curious 
observer the black Virginian walnut-tree, the cluster-pine, the honey locust, the 
pseudo-acacia, and ash-maple, &c. now remaining at Fulham.* 

XXXVJ. Of an Inverted Iris, observed on the Grass in September, and another 
in October, 1751. By Philip Carteret tVebb, Esq.F.R.S., p.248. 

. Sept. 24 , 1751 , about 10 in the morning, Mr. W. observed a solar iris on a 
grass lawn near his house, at Busbridge in Surry. The morning was fair and 
clear, and the grass of the lawn was the night before almost covered with webs 
resembling those of spiders, which many persons esteem the forerunners of fair 
weather ; and there had fallen in the night much dew, with which the webs and 
the grass were thoroughly wetted. The arch or bow appeared inverted, the 

• Of (he hardy exotics enumerated in the above paper, there were remaining in 1798 the follow- 
ing : acer negundo, cupressus sempervirens, juniperus virginiana, gleditsia triacanthus, juglans ni- 
gra, quercus alba, quercus suber, &c. most of them trees of a gTeat height, and of large dimensions 
in the girth. See Lysops Environs of London, 2nd vol. p. 351. 
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point being distant about 24 inches from the point of his foot ; And where ever 
he moved on the lawn, it seemed to move at that distance before him. The 
lawn on which he observed this appearance, is a hanging level, which drops 
about 6 feet in 100. It extended itself to the end of the lawn, the grass of 
which was short, and it was not visible on the surface of the adjoining water, 
or grass fields. It was about 2 feet wide, and the colours were vivid and 
distinct. 

Oct. 3, 1751, at 30 1 " after 9 in the forenoon, he observed about the same spot 
a like iris. It was a very fair morning : there had fallen much dew in the night, 
and the lawn was then, and the night before, webbed over as it was the 23d of 
September. 

XXXVII. Extract of several Letters from John Huxham, M. D. of Plymouth , 
F. R. S. and Mr. Tripe , Surgeon , at Ashburton in Devonshire , concerning a 
Body found in a Vault in the Church of Slaver ton in that County : Communi- 
cated by Thomas Stack, M. D. F. R. S. 

Mr. Tripe to Dr. Huxham, dated Ashburton, June 28, 1750. 
According to the register of burials, no person had been deposited in this 
vault since October 15, 1669, so that a body had lain there upwards of 80 
years : yet, when the vault was opened about 4 months before the above date, 
it was found as perfect in all its parts* as if but just interred. The whole 
body was plump and full ; the skin white, soft, smooth, and elastic ; the hair 
strong, and the limbs nearly as flexible as when living. A winding sheet, which 
was as firm as if but just applied, inc. The 4 th 
4 
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satellite is very faint; it is not brighter than the belt, but is of a bluish, ruddy co- 
lour. The apparent magnitude of the 3d satellite, after long looking, is very 
nearly equal to that of the 1st; but at first sight it seems to be larger, owing to its 
superior brightness. The apparent diameter of the 2d satellite is certainly larger 
than that of the 4th.— At 23 h 55 ra 42’, the light of the 1st satellite, compared to 
that of the 2d, is considerably increased since the last observation. It'is now 
nearly as bright as the 2d. 

October ]6, 1 7Q6, 23 m 4Q*-, l O-feet reflector; power 600 ; the 1st, 2d, and 3d 
satellites of Jupiter seem all considerably bright. The ?d is much larger than the 
1st, and the 1st a little larger than the 2d. The intensity of the light seems to be 
pretty equal in all the 3 ; that of the 2d however is perhaps a little stronger than 
that of the 1st; for, /notwithstanding its apparent less diameter, it seems to make 
as strong an impression as the 1st. 

October 25, 1796 , 2J h 44 m 48*,; 10-feet reflector; power 600 ; the 1st satellite' 
of Jupiter, compared to the 3d, is small. The 3d satellite is bright and large. . 
The 2d is brighter than the 1st. Compared to its usual brightness and magnitude, 
it is very bright and small. The 1st satellite, compared to its usual brightness and 
magnitude, is faint and small. The air is so tremulous that the power of 600 is 
too'high, and the necessary uniformity required in these observations will not per- 
mit a lower to be used. Perhaps one of 400 might be more generally employed; . 
and it may be proper to use it constantly. 

November 3, 1796 , 23 h 55 m 47’» lO-feet reflector; power 60O; the 4th satellite * 
of Jupiter is large and bright. The 3d satellite is large and bright. The 1st 
satellite is pretty small,, and not very bright. The 2d satellite is small, and consi- 
derably bright. The brightness and magnitude of each satellite refer to its 1 own . 
usual brightness and magnitude. 

Before we can proceed to draw any conclusions from these observations, we ought 
to take notice of many oauses of deception, and of various difficulties that attend 
the investigation of the brightness of the satellites. The difference in the state of 
the atmosphere between 2 nights of observation, cannot influence much our esti- 
mation of the brightness of a satellite, provided we adopt the method of compa- 
rative estimations. If we endeavour by much practice to fix in our mind a general > 
ideal standard of the brightness of each satellite, we shall find the state of the at- 
mosphere in different nights very much disposed to deceive us; but if we learn te 
acquire a readiness of judging of the comparative brightness of each satellite with 
respect to the other 3, we may arrive at much more precision, since the different 
disposition of the air will nearly affect all the satellites alike. But here, as we get 
rid of one cause of deception, we fall under the penalty of another. The situation . 
of those very satellites to which we are to refer the light of the satellite underesti- 
mation, being changeable, permits us no longer to trust to their standard, without : 
a full scrutiny of the causes that may have produced an alteration in them. In the- 
foregoing observations it will, also be seen, that I attempted to compare the intense- - 
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ness of the light of the satellites with the different brightness of the disc of Jupiter; 
but these endeavours will always fail, on account of the little assurance we can 
have that the parts of the disc, setting aside its quick rotation, will remain for any 
time of the same lustre. < 

A very material difficulty arises from the magnifying power we use in our esti- 
mations. If it be a low one, such as for instance 180 (for a lower should not even 
be attempted), then we run the risk of being disappointed in bright nights by the 
sparkling of the brilliant light of the satellites. Besides, we cannot then see the 
bodies of them, and judge of their comparative magnitude, with the same power 
that we view their light.' If we choose a higher magnifier, we shall be often dis- 
appointed in the state of the atmosphere, which will of course occasion au inter- 
ruption' in the series of our observation, of which the regular 'continuance is of the 
greatest consequence.- If we change our power according to the state of the at- 
mosphere, we introduce a far worse cause of confusion ; for it will be next to im- 
possible to acquire, for each magnifying power, an ideal standard of comparative 
brightness to which we can trust with confidence. 

If the magnitudes are not attended to, and carefully contra-distinguished from 
the intenseness of light, we shall run into considerable error, by saying that a 
satellite is large, when we mean to express that it is bright. It is so common to 
call stars that are less bright than others, small, that we must be careful to avoid 
such ambiguities, when the condition of the satellites is under investigation. Nor 
is it possible to throw the size and light into one general idea, and take the first 
coup d’oeil in looking at them, to decide about the general impression this com- 
pound may make. When our attention is forcibly drawn by a considerable power 
to the apparent size of the satellite we are looking at, its brightness can no longer 
be taken in that general way, but must be abstracted from size. 

Let us now see what use may be drawn from the observations I have given. It 
appears in the first place very obviously, that considerable changes take place in the 
brightness of the satellites. This is no more than might be expected. A variegated 
globe, whether terraqueous like the earth, or containing regions of soil of an un- 
equal tint, like that side of the moon which is under our inspection, cannot, in its 
rotation, present us with always the same quantity of light reflected from its surface. 
In the next place, the same observations point out what we could hardly expect to 
have met with; namely, a considerable change in the apparent magnitude of the 
satellites. Each of them having been at different times the standard to which 
another was referred, we cannot refuse to admit a change so well established, sin- 
gular as it may appear. 

The first of these inferences proves that the satellites have a rotatory motion on 
their axes, of the same duration with their periodical revolutions about the primary 
planet The 2d either shows that the bodies of the satellites are not spherical, but 
of such forms as they have assumed by their quick periodical and slow contemporary 
rotatory motions, and which forms in future may become a subject for mathematical 
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investigation; or it may denote, in case geometrical researches should not counte- 
nance a sufficient deviation from the spherical form, that some part of the discs of 
these satellites reflects hardly any light, and therefore in certain situations of the 
satellite makes it appear of a smaller magnitude than in others. Here then we see 
evidently that a considerable field for speculation, as well as observation, is opened 
to our view; and almost every attempt to enter on the work must seem premature, 
for want of more extended observations. However, from those that have been 
given, such as they are, I will show how far we may be authorised to say, that the 
satellites revolve on their axes in the same time that they perform a periodical revo- 
lution about the planet. 

I shall take the usual method of throwing the observations of each satellite into 
a graduated circle. The zero of the degrees into which I suppose it divided, is in 
all observations assumed to be in the place of the geocentric opposition. In order , 
to bring these observations to the circle, the places of the satellites have been cal- 
culated from my own tables of the mean motion in degrees, and according to 
epochs continually assumed from the geocentric conjunctions pointed out in the- 
configu rations of the Nautical Almanac; apd the nearest of these conjunctions 
have teen always used. This method is fully sufficient for the purpose, as greater 
precision in the calculation is not required. The observations extend from July 19, 
1794, to November 3, 1796; and therefore include a period which takes in 470 
rotations of the 1st satellite; 234 of the 2d; il6 of. the 3d; and 30 of the 4th; 
that is, provided we admit that these rotations are performed in the same time as 
the satellites revolve in their orbits. In the following table are the calculated places 
of the satellites; the oorrect sidereal times, given with the observations, having 
been turned into mean time. 


Positions of the 4 Satellites of Jupiter at the Time of the Observations. 


Time of observation. 

i 

11 

III 

IV 

Time of observation, j i 

ii 

m 

IV 

1794. 




346° 


46° 


1796. 







July I9 4 . . . . 

9" 

01" 

127" 

179° 

Aug. 

IS 4 .... 

8* 

21 m 

115 

0 

0 

191 # 

July 21 .... 

8 

57 



278 

89 

Sept. 

15 .... 

7 

44 

36 

328 

198 


July 06 

8 

56 

124 

333 

16.9 

205 

Sept. 

21 .... 

7 

19 

172 

214 

138 

210 

Ally 28 .... 

8 

59 

171 

176 

270 

248 

Sept 

24 .... 

8 

38 

74 

163 

305 

275 

July 30 

10 

27 

231 

25 

13 

292 

Sept 

30 .... 

7 

27 

006 ' 

46 

244 

36 

July 31 .... 

8 

40 

59 

118 

60 

312 

Oct 

15 .... 

7 

44 

28 

130 


i 

Aug. 1 .... 

8 

56 

265 

221 

111 

334 

Oct 

15 .... 

10 

15 

49, 




Aug. 9 

8 

42 

83 

310 

152 

138 

Oct. 

16 .... 

10 

39 

256 

243 

33 V 


1795. 







Oct 

25 .... 

7 

25 j 

26l 

72 

59 


Sept. 30 .... 

7 

37 

294 

62 

219 

100 

Nov. 

3 .... 

9 

0 

300 

270 

151 

55 

Oct. 2 .... 

7 

32 

341 

264 

319 

143 










It will be necessary now to explain in what manner, with the assistance of this 
table, the observations of the brightness and magnitudes of the satellites have been 
reduced to the expressions they bear in the 4 circles of the figures 1 , 2, 3, 4, pL 4. 
By way of uniformity I judged it would be best to reduce the estimations of mag- 
nitude to thoseof brightness; as it may be justly supposed that when a satellite is 
voi.. xviii. C c 
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at any given time larger in proportion to another than it was at another time, it 
will also be brighter than it was at that other time, due regard being had to the light 
of' the satellite to which its magnitude has been compared. To manage the space 
allotted to the figure advantageously, I have used the abbreviations formerly em- 
ployed in my catalogue of nebulae, vb, cb, b, pB, pp, f, cf, vf, for all the gra- 
dations of light that are necessary to express the brightness of the satellites at the 
time of observation. It will be easily remembered that b and f mean bright and 
faint; and p, c, v, stand for pretty, considerably, and very. 

Now, when the observation mentions the brightness of the satellite, I place it 
in the figure as it is given. In that of the first, for instance, July 19, 1794, we 
find the satellite called very bright; I therefore set down in fig. 1, at 127°, vb. 
But where the brightness is not expressed, I have recourse to the comparative 
•magnitude, if that can be had. By fig. 3, it appears that the 2d satellite is less 
subject to a change of brightness than either the 1st or 4th: it becomes, for that 
reason, a pretty good standard for the light of these other satellites. Therefore, in 
the observation of October 2, 1795, for instance, where the 1st satellite is de- 
scribed as undoubtedly less than the 2d, I set down very faint, or vf, at 341° of" 
the circle of fig. 1 ; for in the observation of July 19, before-mentioned, when the 
satellite was called very bright, it was at the same time described as undoubtedly 
larger than the 2d. In this case, as regard must be had to the relative state of the 
satellite we refer to, the 4 figures will assist us in determining the condition of 
the light of the satellite we wish to admit as a standard. 

In reducing the 2d satellite to the circle, I have generally used a reference to the 
magnitude of the 1st, where marks of brightness were wanting; and sometimes 
also to the magnitude of the 4th, and even of the 3d. The 3d satellite can hardly 
be ever compared to any but the 2d in magnitude; and this only in its degree of 
excess. The magnitude of the 4th satellite has been generally compared wit,h that 
of the 1st; and also sometimes with that of the 2d. To make an application of 
the contents of the figures, will now require little more than a bare inspection 
of them. 

The 1st satellite appears evidently to have a rotation on its axis that agrees with 
its revolution in its orbit. It cannot be supposed that, in the course of 470 revo- 
lutions, all the bright observations could have ranged themselves in one half of the 
orbit, while the faint ones were withdrawn to the other. The satellite appears in 
the middle of the duration of its brightness, when it is nearly half way between its 
greatest eastern elongation, in the nearest part of its orbit; or when advancing 
towards its conjunction. I have pointed out this circumstance by a division with 
dotted lines, and the words bright and faint, inserted within the circle, fig. 1. 
This satellite therefore revolves on its axis in l d 18 h 26 m .6. 

The 2d satellite, though much less subject to change, on account, as we may 
suppose, of having only a small region on its body which reflects less light than the 
rest; has nevertheless its rotation directed by the same law with the 1st. It will 
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hardly be necessary to take notice of a single deviation which occurs at 163°, fig.: 
2; as, from the proximity of the satellite to the conjunction, a mistake in the esti- 
mation may easily take place. I generally made it a rule not to make allowance for 
the influence of the superior light of the planet ; but it seems that we can hardly 
abstract sufficiently on such occasions. Two similar cases occur, in fig. 3, at 179; 
and fig. 4, at 5°. It is indeed not impossible but that occasional changes, on the 
bodies of the satellites themselves* may occasion some temporary irregularity of 
their apparent brightness: it will however no£ be necessary to make such an hypo- 
thesis, till we have better authority for it. The brighter side of this satellite is 
turned towards us when it is between the greatest eastern elongation and the con- 
junction. It revolves consequently on its axis in 3‘ 18 h 1 7 m -9- 

The 3d satellite suffers but little diminution of its brightness, and is in full lustre 
at the time of both its elongations. It is however not impossible but that, after 
having recovered its light, on the return from the opposition, it may suffer a 2d 
defalcation of it in the nearest quadrant about half way towards the conjunction. 
The 2 independent observations at 151 and 152°, fig. 3, seem to give some sup- 
port to this surmise. It revolves on its axis in 7 4 3 h 59 ra .6. 

The 4th satellite presents us with a few bright views when it is going to its oppo- 
sition, and on its return towards the greatest eastern elongation ; but otherwise it 
is generally overcast. Its colour also is considerably different from that of the 
other 3 ; and it revolves on its axis in l(J 4 18 h 5 m .l. 

It will not be amiss to collect into one view, all the observations that relate to 
the colour of the satellites. The. 1st is white; but sometimes more intensely so 
than at others. The 2d is white, bluish, and ash-coloured. The 3d is always 
white; but the colour is of different intensity, in different situations. The 4th is 
dusky, dingy, inclining to orange, reddish and ruddy at different times; and these 
tints may induce us to surmise that this satellite has a considerable atmosphere, i 

I shall conclude this paper with a result of the observation of the diameter of 
the 2d satellite, taken by its entrance on the disc of the planet, July 28, 17Q4 y 
and marked in fig. '2, at 176°. The duration by the observation is fixed at 4 mi- 
nutes; in which time it passes over an arch in its orbit of 16' 52*. Q. Now as its 
distance from the planet is to its distance from the earth, so is 16' 52*-9 to the 
diameter of the satellite; or the mean distance of the 2d satellite may be rated, 
with M. de Lalande, at 2' ,57*, or 177'. Then putting this equal to radius, we 
shall have the following analogy : Radius is to 177", as the tangent of 16' 52* 9 
is to the angle,, in seconds, which the diameter of the 2d satellite subtends when 
seen from the earth. And by calculation, this comes out 0*.87 ; that is less than 
tV of a second. 

I have not been scrupulously accurate in this calculation, as the real distance of 
Jupiter at the time of observation should have been computed, whereas I have con- 
tented myself with the mean distance; Nor am I very confident that the angle of 
the greatest elongation, admitted to be 2' 57", is quite accurate; but I judged it 
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unnecessary to be more particular, because the time of my observation in the 
beginning of the transit on the disc, I find was only taken down in whole minutes 
of the clock. The end however is more accurately determined, by the observation 
which was made 45* after the immersion; when a part of the disc, equal to about 
* of the diameter of the satellite, is said to be visible. It seem* that observations 
of this kind, made with very good telescopes, charged with high powers, are 
capable of great precision. For the remark that a margin of Jupiter, equal to 
about -j- of the diameter of the satellite, became visible in 45* of time, adds 
great support to the accuracy of the observation of the foregoing 4 minutes ; and 
at all events it is evidently proved, from the whole of the entrance on the disc, 
that the diameter of the satellite is less, by one half at least, than what from the 
result of the measures of former observers it has been supposed to be. 

A method has also been used, of deducing the diameter of the satellites from 
the time they employ to immerge into the shadow of the planet ; but this must be 
very fallacious, and ought not to be used. 

I should not pass unnoticed the apparent magnitude of the satellites. The ex- 
pressions that have been given of them may be collected into the following narrow 
compass: 1,4,2 4 ; 1 8 — , 4 ; I — 2 4,2,1 3 — — 4 ; 1 ; 2 1,4,2 

3 — 2,1,4 3 — — 2—1,4 l“24.— 2 1»2 — 4 3— — 1,2 2 — 1. 

From which we may conclude, .that the 3d satellite is considerably larger than 
any of the rest; that the 1st is a little larger than the 2d, and nearly of the size 
of the 4th; and that the 2d is a little smaller than the 1st and 4 th, or the smallest 
of them all. 

t 

, XVI. Further Experiments and Observations on the Affections and Properties of 
Light. By Henry Brougham , Jm. Esq. . p. 352. 

I am first to unfold a new, and I think curious property of light, that may be 
indeed reckoned fourfold, as it holds, like the rest, equally with respect to refrac 
lion, reflexion, inflexion, and deflexion; thus preserving entire the same beautiful 
analogy in these 4 operations, which we have hitherto remarked. I shall then 
' consider several phenomena connected either with this, or with the properties be- 
fore described, and of which they afford some striking confirmations. 

I. Observation 1. The sun shining strongly into my darkened chamber, I . 
placed, at a small hole in the window-shutter, a prism with its refracting angle (of 
6b°) upwards, so that the spectrum was cast on a chart placed at right angles to- 
the incident rays, and 4 feet from the prism, In the rays, parallel to the chart, 
and 2 feet from it, I placed a pin, whose diameter was -jV of. an inch, and fixed it . 
so, that the axis of its shadow on the spectrum might be parallel to the sides p£ 
the spectrum. A set of images by reflexion was formed similar to those described 
for 1796 , all inclining to the violet; but what I chiefly attended to at present was 
their shape. I had always observed that the part formed out of the red-making 
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Pays was broadest, and that the other parts diminished in breadth regularly towards 
the violet. I now delineated 1 or 2, at about 3 inches from the shadow; and 
though, from the pin’s irregularities, the sides were by no means smooth, yet the 
general shape was in every pin, and with every prism used, nearly as represented in 
fig. S, pi. 4, divided in the direction ha, according to the colours of the spectrum 
in which they were formed; roba was red, and the broadest; that is, ba was 
broader than ob, the confines of the red and orange'; and gdbv was the violet, 
narrowest of all. 

Observ. 2. Between the pin and the prism, of an inch from the pin, was 
placed a screen, through a small hole in which; of twice the pin’s diameter, the 
rays of the spectrum passed, and were reflected into images by the pin ; these were ' 
pretty distinct and well defined, when received on a chart 4- a foot from the pin. 
They were oblong, having parallel sides and confused ends; they were wholly of 
the colour whose rays fell on the pin, unless when the white, mixed with those at 
the confines of the yellow and green, caused the images to be of all the colours.' 
When the prism was turned round on its axis, so that different rays fell on the pin, 
the images changed their sizes as well as their positions; they were largest when, 
red, and least when violet. 

Observ . 3. In case it may be thought that the sides of the hole, through which 
the rays passed in observation 2, by inflecting, might dispose them, before inci- 
dence, into beams of different sizes, I removed the screen, and placed the pin 
horizontally, the axis of the shadow being now at right angles to that of the pris- 
matic spectrum ; and moving the prism on its axis, again I observed the contrac- 
tion and dilatation of the images by reflexion, though now they were rather less 
distinct, from the greater size of the incident beam; and to show that there was 
both a change of size and of place, without any manner of deception, I placed 
one leg of a pair of compasses in a fixed point of the spectrum, and the other in 
the middle point of an image formed by the violet -making rays. The prism being, 
then moved till the image became red, I again bisected it, and found its centre* 
considerably beyond the point of the compasses, which was indeed evidently much 
nearer one end of the image than the other; besides, that the red image, when 
measured, was longer than the rest ; and this satisfied me that there were 2 changes, . 
one of place with respect to the fixed point, the other of size, with respect to the - 
centre of the image. Lastly, ‘as far as I could judge, the dilatation and con- 
traction appeared evert and uniform. 

Observ. 4. I remarked that the fringes or images, by flexion, were always in- 
creased in size when formed out of red-making rays, and were less in every other, 
colour, and least in violet, besides being moved farther from the edge of the 
shadow in the former rays than in the latter; and this agrees with an observation 
of Sir Isaac Newton, as far as he tried it, which was with respect to deflexion. In 
making several experiments with prisms, I hit on a very remarkable confirmation of 
this. I observed on each side of the spectrum 4 -or 5 distinct fringes, like the 

images by reflexion, coloured ia the order of the spectrum, but qijite well defined 
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at the edge, and even pretty distinct at the end ; they were also much narrower 
than those images, but like them they inclined rriuch to the violet, and were broadest 
in the red, becoming narrower by degrees, and narrowest of all in the violet. I 
moved the prism, and they disappeared ; but when the prism was brought back to 
its former position, they also returned. I then observed the prism in open light, 
and saw tliat it had veins, chiefly opaque and white, running through it, and that 
there were several of these in the place where the light passed when the prism was 
held as before. But in case the inclination and shape of these images might be 
owing to the irregular order in which the veins were laid, I held another prism, 
which, happened to have parallel veins ; in many positions of this the fringes or 
images returned, not indeed always so regular nor always of the same kind ; for 
some were confused and broader, formed, as I concluded from this and their posi- 
tion, by reflexion ; others, made by transparent veins and air-bubbles, were also 
irregular, but inclined to the red, the violet being farthest from the perpendicular, 
and these were obviously caused by refraction ; yet all agreed in this, that they were 
broadest in the red, and narrowest in the violet parts. , 

Obseru. 5. I held, in the direct rays of the sun, at 4- an inch from the small hole 
in the window-shutter, a glass tube, free from scratches and opaque veins, but like 
most glass that is not finely wrought, having its surface of a structure somewhat 
fibrous. When this tube was slowly introduced into the light, and so held that 
none of the rays might be refracted, a streak, chiefly white, was seen, similar in 
shape and position to those described in the former paper. When narrowly in- 
spected, it was found to contain many images by reflexion in it. But these were 
much diluted by the abundance of white light, reflected without decomposition in 
file manner above-mentioned. This streak lay wholly on one side of the tube ; but 
I moved the tube onward a little, and another streak darted through the shadow, 
and extended all round oh both sides : and now, when the tube was in the middle 
of the rays, there were 2 streaks on ‘ both sides, one a little separated from the 
other and continued through the shadow, the other on each side of the shadow ; 
the former was evidently produced by refraction ; it contained many images very like 
those by reflexion, only more vivid in the colours, which were all in the inverted 
order, the violet being outermost, and the rest nearest the point of incidence. 
Images similar to these are also producible on the retina, as mentioned before. 

Observ. 6. I now placed a prism at the hole, and made the same images by re- 
fraction, out of homogeneal light. These inclined to the red, not, like images by 
reflexion, to the violet ; but they were broadest in the red, and narrower towards 
the violet parts. In short, when viewed beside the images by reflexion, except in 
point of brightness and inclination, they differed from them in no respect. The 
first 3 experiments show, that when homogeneal light is reflected, some rays are 
constantly disposed into larger images than others are, that is, into images more 
distended in length, though of the same breadth. The 4th ex^riment shows, that 
the same takes place when light is inflected and deflected ; and the last 2 show. 
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that the same happens when the rays are refracted in a way similar, or analogous, 
to that in which the other images were produced by reflexion add flexion. 

We are now to show, that this difference of size is not owing to the different re- 
flexibilities and flexibilities of the rays. In order to this, we shall both demonstrate, 
and then prove by experience, “ that inflexion and deflexion do not decompound 
heterogeneous rays, whose direction is such that they fall on the bending body.” In 
fig. 6 , let ab be the body ; gh, bf, cd, the limits of its spheres of deflexion, in- 
flexion, and reflexion, respectively ; and let ip be a white ray of direct light enter- 
ing at p the sphere of deflexion : through p draw lk at right angles to gh ; ip will 
be separated into pb red, and pv violet, and the 5 other colorific rays according to 
their deflexibilities ; at b and v draw the perpendiculars st and ao ; then the alter- 
nate angles prt, bpl ; and pvo, vpl, are equal each to each. But tbp and qvp 
are the angles of incidence, at which the red and violet enter the sphere of inflexion: 
and rpl, vpl are the angles of deflexion of the red and the violet ; therefore the 
difference of the latter 2 , that is bpv, is likewise the difference of the 2 former. 
Suppose this difference equal to nothing ; or that pv and pb are parallel ; then tbs, 
the angle of the red’s inflexion, will be less than wo, the angle of the violet’s in- 
flexion, by the angle bpv : when not evanescent, add bpv to tbs ; then tbs will be 
equal to wo : that is, the divergence will be destroyed, and the rays enter the 
sphere of reflexion, parallel and undecompounded. It is evident therefore, that 
the effect arising from the different deflexibilities of the rays is destroyed by the 
equal and opposite effect produced by their different inflexibilities ; and the same 
thing may in like manner be shown to happen in the return of the rays from the 
body after reflexion. But let the rays be so reflected, that they shall pass by the 
body without entering any more than one -sphere of flexion ; then they will be 
separated by their flexibilities, as we before described. It appears then, that if the 
rays of light were not differently reflexible, flexion could never produce the coloured 
images, by separating the compound light. And indeed this may be easily proved 
by fact. At 1-44 feet from the bending body, the greatest fringes by flexion are 
only half an inch in length, whereas the 4th or 5th images by reflexion are above 
.half an inch at 1 foot from the reflecting surface : the one sort is therefore more 
than 144 times more distended than the other, whereas the flexion could, at the very 
farthest, only double them. Also the distinctness, and brightness, and regularity 
of the colouring, are quite different in the 2 cases; the supposed cause would 
neither account for the order of the colours, nor for their absence in common 
specular reflexion, and refraction through two prisms joined together with their 
angles the contrary ways. Lastly, if we suppose the images to be produced by 
flexion, and then reflected from the body, it would follow, that light incident on a 
prism should be decompounded, formed into several coloured images, and then re- 
fracted, the violet being least and the red most bent ; all which is perfectly the re- 
verse of what actually happens. I have multiplied the proof of this proposition. 
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perhaps beyond what is necessary ; but its great importance to the whole theory I 
hope will plead my excuse. 

Let us now suppose that a homogeneal beam passes through the spheres of 
flexipn : it will follow that no divergence can take place from the bending power of 
the body; so that we have only to estimate the effect produced by the reflexion, and 
to inquire whether the different reflexibilities of the rays can cause the images te 
vary their sizes according as they are formed by different rays. In fig. 7, let ab be 
the body, cd the limit of its sphere of reflexion, and ip a beam of homogeneal rays, 
as red, incident at p and reflected to b, forming there the image Rr. It is evident 
that the greater reflexibility of the rays ip can only alter the position of the oentre of 
nr, making it nearer the perpendicular than the centre of an image formed by any 
other rays would be. But the greater length of Rr shows that a greater quantity of 
rays is reflected, or that the same quantity is spread over a greater space, and that 
in the following way. Let ipfi be a beam of violet-making rays entering abcd, and 
reflected so as to form the image rv. The force exerted by ab decreasing according 
to some law (of which we are as yet ignorant) as the distance increases, is not suf< 
ficient to turn the rays back till they have come a certain length within abcd. But 
for the same reason it turns back all that it does reflect before they come nearer than 
a certain distance ; between these 2 limits therefore the rays are turned back. But 
the limits are not the same to all the rays ; some begin to be turned at a greater 
distance from the body than others, and consequently are reflected to a greater dis- 
tance from the middle ray of the incident beam. Thus if ipfi be changed to a red- 
making beam, it begins to be turned back at f, and the rays farthest from ab are 
reflected to r instead of to v, where they fell when ipfi was violet-making ; not but 
that the same quantity of rays is reflected, the only difference is, that the most re- 
flexible are reflected farthest from the body by their greater reflexibility, and farthest 
from each other by this other property. Exactly the same happens in the case/of 
refraction, mutatis mutandis ; but there seems to be a slight variation, in the man- 
ner in which the different rays are disposed into images of different sizes by flexion. 
In this case also the bending body’s action reaches farther when exerted on some 
rays than when exerted on others : but then, the direction of the rays not passing 
through the body, those which are farthest off and at too great a distance to be 
bent, never coming nearer, are not bent at all ; and consequently as the least 
flexible rays are in this predicament at the smallest distance, and the most flexible 
not till the distance is greater, the images formed out of the former must be less 
than those formed out of the latter. This difference in the way in which the phe 
nomenon appears, does not argue the smallest difference in the cause : it only fol- 
lows from the different position of the rays, with respect to the acting body, it) the 
2 cases. I infer then from the whole, that different sorts of rays come within the 
spheres of flexion, reflexion, and refraction, at different distances, and that the actions 
of bodies extend farthest when exerted on the most flexible. It may perhaps be 
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consistent with accuracy and convenience to give a name to this property of light ; 
we may therefore say, that the rays of light differ in degree of refrangity, reflexity, 
and flexity, comprehending inflcxity and deflexity. • From these terms (uncouth as; 
like all new words, they at first appear) no confusion can arise, if we always re- 
member that they allude to the degree of distance to which the rays are subject to 
' the action of bodies. 1 shall only add an illustration of this property, which may 
tend to convey a clearer idea of its nature. Suppose a magnet to be placed so that 
it may attract from their oourse a stream of iron particles, and 1 let this stream pass 
at such a distance that part of it may not be affected at all ; those particles which 
are attracted may be conceived to strike on a white body placed beyond the magnet, 
and to make a mark there of a size proportional to their number. Let now another 
equal stream considerably adulterated by carbonaceous matter, oxygene, &c. pass by 
at the same distance, and in the same direction. Part of this will also be attracted, 

• but not so far from its course, nor will an equal number be affected at all ; so that 
the mark made on the white body will be nearer the direction of the stream, and of 
less size than that made by the pure iron. It matters not whether all this would 
actually happen, even allowing we could place the subjects in the situation described; 
the thing may easily be conceived, and affords a good enough illustration of what 
happens in the case of light. 1 

Pursuant to the plan I before followed, I now tried to measure the different de- 
grees of reflexity, &c. of the different rays ; but though the measurements taken 
agreed in this, that the red images were much larger than the rest, and the green 
appeared by them of a middle size, yet they did not agree well enough (from the 
roughness of the images, and several other causes of error), to authorize us to con- 
clude with any certainty “ that the action of bodies on the rays is in proportion to 
the relative sizes of these rays." This however will moat probably be afterwards 
found to be the case ; in* the mean time there is little doubt that the sizes are the 
cause of the fact. ' 

II. Several phenomena are easily explicable on the principles just now laid down.' 
t. If a pin, hair, thread, &c. be held in the rays of the sun refracted through a prism, 
extending through all the 7 colours, a very singular deception takes place : the 
body appears of different .sizes, being largest in the red and decreasing gradually to- 
wards the violet. This appearance seemed so extraordinary, that some friends who 
happened to see it as well as myself, suspected the toody must be irregular in its 
shape. On inserting it however, the same thing took place ; and on turning the 
prism on its axis, so that the different rays successively fell on the same parts, the 
visible magnitude of the body varied with the rays that illuminated it. The appears 
ance is readily accounted for by the different reflexity of the rays, and follows im- 
mediately from obs. 2 and 3. ’ . . . v • 

2. Sir Isaac Newton found that the rings of colours made by thin' plates and By 
thick plates of glass, as he calld them, when formed of homogeneal light, varied in 
size with the rays that made them* being largest in- the most flexible rays. I have 
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bad the pleasure of observing several otbpr ports of. rings, so extremely similar, and 
formed by flexion, that I can no longer'doubt of this being also the cause of the 
phenomena observed by Newjton. I shall first describe a species, to prove “ that , 
the colours by thick and. thin plates are one ^nd the same phenomenon, only differ- 
ing in the thickness of the plates.” Happening to look by candle-light on a round 
concave plate of braps, prftty well polished,, so as to reflect light enough for show- 
ing ; an image of the candle, I was surprized to see that image surrounded by several 
waves of colours, rpd, green, and h! ue > <fl?P98ed pretty regular order. This was 
so uppommon in a metallic speculum, tfiaf J examined the thing very minutely by 
a variety of experiments ; these I shall ,not. particularly now describe, but give a 
general idea of .their results. 

It must be observed, for the sake of clearness, that in the following inquiries 
concerning the formation of rings or fringes, the diameter of a ring or fringe means 
the line passing through the centre of that ring, and terminated at both ends by 
the circumference; whereas the breadth means that part of the diameter intercepted 
between the limits of the ring, or the distance between its extreme colours, red and 
violet. In the 1st place, they were formed by the sun’s light in the figure of rings 
surrounding the centre of the sphere to which the plate was ground, at greater dis- 
tances increasing their breadths, the colours pretty bright, though inferior in bril- 
liancy to those of concave specula. 2djy, The order of the colours was in all red 
Outermost, and violet or bine innermost, with a greyish-blue spot in the common 
centre of, the whole ; and on moving the plate from the perpendicular position, the 
rings moved and broke exactly like those pf specula. In the 3d place, homogeneal 
light made them of simple colours ; they were broadest when red, narrowest when 
blue and violet. 4thly, They decreased in breadth from the centre j and I found, 
by a simple contrivance, that they were to each other in the very same ratio that 
the rays by specula follow. In the 5th place, I compared the general appearance 
of the 2 sorts by viewing them at the same time, and was struck with their general 
appearance, unless that these of specula were most vivid and distinct. 

These things made me suspect that they were actually caused by the thin coat of 
gums with which the surface of'the plate was varnished, called lacker. Accordingly 
I took it off with spirit of wine, and found the rings disappear ; on lackering it 
again they returned ; and in like manner I caused a well finished concave metal 
speculum to form the rings ^ere spoken of, by giving it a thin coat of lacker. This 
is a clear proof that these rings were exactly th£ same with those of thick plates, to 
use Newton’s expression, for the coat of gums is, when thin, pretty transparent, 
as may be seen by laying one on glass plates. - But this coat is extremely thin, and 
cannot exceed the 200th part of an inch ; so that the colours of thick plates are in 
fact the very same with those of thin plates, except that the 2 kinds are made by 
different sized plates. We cannet therefore distinguish them, any more than we 
do the spectrum made by a prism whose angle is Q0° from that made by one whose 
angle is 20°. This kind of colours is not the only one I have observed of nearly the 
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came kind with those of plates ; we shall presently see another much more curious- 
and remarkable. 

III. In reflecting on the observations and conclusions contained in my former paper, 
several consequences seemed to follow, which appeared so new and uncommon, 
that I began to' doubt a little the truth of the premises ; but at any rate was re- 
solved to examine more minutely 'how far these inferences might be consistent with 
fact : and I am happy in being able to announce the completeness of that con- 
sistency, even beyond my expectations. : The 1 chief consequences were the follow- 
ing. I. That a speculum should produce, by ftCxion and reflexion, colours in its 
reflected light wherever it has the least Scratch or imperfection on its surface: 
2. That on great indinations to the incident rays all specula, however pure and 
highly polished, should produce colours by flexion. S. That they should also in 
the same case produce colours by reflexion. 4. That lenses, having the smallest 
imperfections, should produce by flexion colours in their refracted light. 5. That 
there should be many more than 3, or even 4 fringes by flexion, invisible to the 
naked eye. And, 6. That Iceland crystal should have some peculiarities with re- 
spect to flexion and reflexion ; or if not, that some information should be acquired 
concerning its singular properties respecting refraction. 

The manner in which the first of these propositions is demonstrated a priori, is 
evident from fig. 8, where cd is the reflecting surface, vo a concavity bearing a 
small ratio to cd, ao and ab rays proceeding to cd. The one, ab, will be sepa- 
rated into Br red, and bv violet, by deflexion from o, and will be reflected to rV, 
forming there the fringes. The other, ao, being reflected, will be separated into 
-bx and By, by deflexion from v, forming other fringes, xy, on the side of vo r s 
shadow opposite to rV. Also when vo is convex, instead of concave, the like 
fringes will be produced by the rays being deflected in passing by its sides. Lastly, 
when vo is a polished streak, images by reflexion wiU be produced^ as described in 
my former paper for 1790. The same passage will also show the reason why, orv 
great inclinations, colours by reflexion should be produced. And the 2d propo- 
sition, with respect to flexion, follows from what has been demonstrated in this 
paper, it being that case where the rays either leave or fall on the speculum at such- 
an inclination, as to come only within the sphere of inflexion, without being de- 
flected. The 4th proposition is merely a simple case of flexion. And the last 2 
require no illustration. I shall now relate how I inquired into the truth of these 
things a posteriori. 

Observ. 1. Looking at a plane glass mirror exposed to- the son’s light, I observed 
that up and down its surface there were minute scratches, called hairs by workmen* 
and that each of these reflected a bright colour, some red, others green, asd others 
blue. On moving the mirror to a different indination, or my eye to a different 
position with respect to the mirror, I saw the species of the colours change;, the red, 
for instance, became green, and the green blue. I applied my eye close to the 
mirror, and received on it the light reflected from one hair. I observed several di*- 
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tinct images of the sun much distended and regularly coloured, just like those 
described above; the same appearances were observable in all specula, metal and 
glass, which had these hairs, and I never saw any metal one without some: their 
size is exceedingly small, not above ,-bW of an inch. Rubbing a minute particle 
o( grease on the surface of the speculum, images were seen on the fibrous surface-, 
and they always Jay at right angles to that direction in which the grease was disposed 
by drawing the hand along it. 

. Observ . 2. Besides these .polished hairs, many specula have fewer or more small 
a pecks and threads, rough and black. Perhaps every polished surface is studded 
with a . number of small ones, invisible to the naked eye from the quantity of regu- 
lar light which .it reflects. I took, from a reflecting telescope, a small concave 
speculum not very well finished; its surface showed several specks to the naked eye, 
and many with a microscope. Its diameter was 4J of an inch, its focal distance 
2 inches, and the sphere to which it was ground 8 inches diameter. I placed it at 
right angles to the sun’s rays, coming through a small hole -,'t of an inch diameter, 
into a very well darkened room; I then moved it vertically, so that the rays might 
be reflected to a chart 12 inches from the speculum, and consequently 10 from the 
focus: and though the-focus appeared white and bright, yet on the chart the broad 
image was very different. It was mottled with a vast number of dark spots: these 
were of 2 sorts chiefly, circular and oblong. Of the former a considerable number 
were distinct and large, the rest smaller and more confused, but so numerous that 
they seemed to hll the whole image. None were quite black, but rather of a bluish 
grey, and the oblong ones had a line of faint light in the middle, just as is the case 
in shadows of small bodies. But the chief thing I remarked was the colours. 
Each .oblong and round spot was bordered by a gleam of white, and several coloured 
fringes, separated by small dark spaces. The fringes were exactly like those surround- 
ing the shadows of bodies, of the same shape with the dark space, having the 
colours in the order, red on the outside, blue or violet in the inside; the inner- 
most fringe was broadest, the others decreasing in order from the first. I could 
sometimes see 4 of them, and when made at the edge of the large image, I could 
indistinctly discern the lineaments of a 5th: when 2 of the spots were very near 
each other, their rings or fringes ran into each other, crossing. ' 

Observ. 3. When the chart was removed to a greater distance, as 6 feet, the 
fringes were very distinct and large in proportion; also the smaller spots became 
more plain, and their rings were seen, though confusedly, from mixing with each 
other. When the speculum was turned round horizontally, so that its inclination 
to the incident rays might be greater, the distance of the chart remaining the same, 
by being drawn round in a circle, the spots and fringes evidently were distended in 
breadth. I have endeavoured to exhibit the sun’s image, as mottled with fringes 
or rings and spots, in fig 9. 

Observ. 4. I placed the speculum behind a screen with a hole in it, through 
which were let pass the homogeneal rays of the sun, separated by refraction through 

4 



Dfgitized by Googl : 



PHILOSOPHICAL TRANSACTIONS. 


.205 


VOL. L XXX VI I."] 


* prism; this bring turned oh its axis, the rays which fell on the speculum were 
changed; the fringes were now of that colour whose rays fell, and when the ravS 
shifted, the fringes contracted or dilated, being broadest in the most flexible rays, 
and consequently in those whose flexity is greatest. 

Observ. b. The direct light falling on the speculum, and part of the reflected 
tight on the horizontal white stage of a very accurate micrometer, I measured the 
breadth of the fringes, spots, &c. These, with the distance of the speculum from 
the window and micrometer, and the size of the sun’s image, are set down in the 
following table, all reduced to inches and decimals. 


Iochet. 

Distance of the speculum from the hole in the 


window shutter 24 

Distance of the speculum from the stage of the 

micrometer 18 

TYansverse axis of the sun’s image C . 6 

Conjugate axis of the sun’s image . . . ; 4.4 

Length of the oblong dark spot 4 


Breadth of the oblong dark spot OO74 

Breadth of its first fringe 002*2 

Elliptic spot's transverse axis .0116* 

conjugate axis 0068 

Breadth of its first fringe 0034 

Transvertfe axis of a larger elliptic spot , . . .013 
Conjugate axis of the same spot 


In the image where these measures were taken, there were 7 other elliptic spots, a 
little less and nearly equal; all the others were much smaller and more confused. 

Observ. 6. On viewing the surface of the speculum attentively in that place 
whence the rays formed the oblong and first mentioned elliptic spots, I saw a dark 
but very thin long scratch, and a dark dent, similar in shape to the dark spaces on 
the image; the dark spot measured less than of an inch; which makes its 
whole surface to the whole polished surface as 1 to 34225, supposing the former 
circular or nearly so. All these measures will be found to agree very well, for their 
Smallness and delicacy: thus, the ratio last mentioned is nearly the same which we 
obtain by comparing the image and the spot; the like may be said of the two spots 
mentioned in the table, i. e. their axes are projxjrtional. I now could produce what 
spots I pleased, by gently scratching the speculum, or by making line3, dots, &c. 
with ink, and allowing it to dry; for these last formed convex fibres, which pro- 
duced coloured fringes as well as the concavities, agreeably to what was deduced a 
priori. 

Observ. 7. The whole appearance which I have been describing bore such a close 
and complete resemblance to the fringes made round the shadows of bodies, that 
the identity of the cause in both cases could not be doubted. In order however to 
show it still further, I measured the, breadths of 2 contiguous fringes in several 
different -sets; the measurements agreed very well, and gave the breadth of the 
first fringe .0056, and of the 2d .0034; or of the first .0066, and of the 2d .0034. 
The ratio of the breadths by the first is 28 to 17; by the 2d 30 to 17; of which 
the medium' is 29 to 17, and this is precisely the ratio of the 2 innermost fringes 
made by a hair, according to Sir Isaac Newton’s measurement: the first being, 
according to him, -pro of an inch; the 2d ^ of an inch*. Further, the 2 in- 

• Optics, Book 3. Obs. 3. — Orig. ** 
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n er m ost rings made by plates have their diameters (not breadths) in the ratio of 
l-f4 to ? 4 *, and the distance between the middle of the innermost fringes, made 
by a hair, on either side the shadow, is to the same distance in the 2 d fringes, as 
Vi- to VV; therefore the diameters of the first 2 rings made by the specks in the 
speculum, are as 434 te -iWj -5 which ratio differs exceedingly little from that of 
I44 to 24, the ratio of the diameters of rings made by plates, either those called 
by Newton thick, or those which he names thin: for suppose this difference 
nothing, 24 X 444 = 1+4 X -tWri *°d the difference between these a products, 
now stated equal, is not much above 4 in reality. 

Observ. 6. The last thing worth mentioning in these phenomena was this: I 
viewed the fringes through a prism, holding the refracting angle upwards, and the 
axes parallel to that of the dark space; then moving it till the objects ceased 
descending, I saw in that posture the fringes much more distinct and numerous ; 
for I could now see § with ease, and several more less distinctly. This led- me to 
try more minutely the truth of the 5 th proposition, with respect to the number of 
the fringes surrounding the shadows of bodies in direct light. Having produced a 
bright set of these by a blackened pin iV of an inch in diameter, I viewed them 
through a well' made prism, whose refracting angle was only 30 °, and held this 
angle upwards, when the fringes were on the side of the shadow opposite to m6; 

1 then moved the prism round on its axis, and when it was in the posture between 
the ascent and descent of the objects, I was much pleased to see 5 fringes plainly, 
and a great number beyond, decreasing in size and brightness till they became too 
small and confused for sight. In like manner those formed by a double flexion of 

2 bodies, and those made out of homogeneal light, were seen to a much greater 
number when carefully Viewed through the prism. And this experiment I also 
tried with all the species of fringes by flexion which I could think of. 

Observ. 9. The same appearances which were occasioned by the metal speculum, 
might be naturally expected to appear when a glass one was used. But 1 also found 
the like rings or fringes of colours and spots in the image beyond the focus of a 
lens ; nor was a very excellent one belonging to a Dollond's telescope free from them. 
The rings with their dark intervals resembled those floating specks so often ob- 
served on the surface of the eye, and called “ muse® volitantes,” only that the 
muse® are transparent in the middle, because formed by drops of humor: they will 
however be found to be -compassed by rings of feint colours, which will became 
exceedingly vivid if the eyes be shut and slowly opened in the sun’s, light, so that 
the humour may be collected; they also appear hy reflexion, mixed with the colours 
described in Phil. Trans, for 1796. 

Observ. 10. The sun shining strongly on the concave metal speculum, placed at 
such a distance from the hole in the window that it was wholly covered with the 
light; on inclining it a little, the image on the chart was bordered on the inside 
with 3 fringes similar to those already described; on increasing the inclination, these- 

* Book S. Part* 1 and 4. — Orig. 
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were distended, becoming very bright and beautiful; when the indination was great, 
and when it was still increased, another set of colours emerged from the side next 
the speculum, and was concave to that side. Here I stopped the motion, and the 
image on both sides of the focus had 3 sets of fringes, and 4 fringes in each set; 
but when viewed through a prism, as before described, the numbers greatly in- 
creased, both the fringes and the dark, intervals decreasing regularly. The ap- 
pearance to the naked eye is represented in fig. 10, where adc being the image, 
a and c are the sets of fringes at the edges, and b the 3d set, there being none at 
b and d the sides, since the light which illuminates these quarters comes not from 
the edges of the speculum in so great inclinations. I now viewed the surface of 
the speculum, and saw it, in the place answering to b in the image, covered with 
fringes exactly corresponding with those at b; and an dunging the figure of that 
part of the speculum’s edge between them and the sun, the fringes likewise had 
their figure altered in the very same way. On moving the speculum farther round, 
a came nearer to a in the image, according as the fringes on the speculum receded 
from that side which formed them and before they vanished alike from the speculum 
and image, they mixed with the colours at a in the image, and formed in their 
motion a variety of new and beautiful compound colours: among these I particu- 
larly remarked a brown : chocolate colour, and various other shades and tinges of 
brown and purple. Just before the fringes at b appeared, the space between a and 
c was filled with colours by reflexion, totally different in appearance from the 
fringes; but I could not examine them so minutely as I wished in this broad image, 
I therefore made the.following experiment. 

Obterv. il. At the hole in the window-shutter I held the speculum, and moved 
;t to such an inclination that the odours by reflexion might be formed in the image; 
they were much brighter and far more distended than the fringes, and were in every 
respect like the. images by reflexion in the common way, only that the colours 
were a little better and more regular. They were also sera cm the speculum as the 
3d set of fringes had before been in observ. 10; but by letting the rays fall on the 
half next the chart, and inclining that half very much, I could produce them, 
though less distinctly, by a single reflexion. I now Held a plain metal speculum 
so, that the rays might be reflected to form a white image on a chart: On inclining 
the speculum much, I saw the image turn red at the ed|ge; it then became a little 
distended; and lastly, fringes emerged from it well coloured, and in regular order, 
with their dark intervals. This may easily be tried by candle-light with a,piece of 
looking-glass, and those who without much trouble would satisfy themselves of 
the truth of the whole experiment contained in this and the last observation, may 
easily do it in this way with a concave speculum; hot the beauty of the appearance 
is hereby quite impaired. After this detail it is almost superfluous to add, that the 
fringes at b, fig. 6, are formed by deflexion from the edge of the speculum next, 
the sun, and then felling on it are reflected to the chart; that the images by re- 
flexion are either formed by the light bring decompounded at its first reflexion, 
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and then undergoing a second, or, in other instances, without this second re- 
flexion; and that the other fringes are produced exactly as described above, from 
the necessary consequences of the theory. I shall only add, that nothing coukL' 
have been more pleasing to me than the success of this experiment; not only be- 
cause in itself it was really beautiful from its variety, but also because it was the 
most peremptory confirmation of what followed from the theory a priori, aud in 
that point where the singularity of its consequences most inclined me to doubt it» 
truth. 

Let us now attend to several conclusions to which the foregoing observations 
lead, independently of the propositions, viz. the first 5, which they were made to 
examine. 

1. We must be immediately struck with the extreme resemblance between the 
rings surrounding the black spots on the image made by an ill polished speculum, 
and those produced by thin plates observed by Newton ; but perhaps the resem- 
blance is still more conspicuous in the colours surrounding the image made by any 
speculum whatever, and fully described in observ.. 10 and 1 1. The only difference 
in the .circumstances is now to be reconciled. The rings surrounding the black spot 
on the top of a bubble of water, and those alto surrounding the spot between. 2 
object glasses*, have dark intervals, exactly like those rings I have just now described, 
and the fringes surrounding the shadows of bodies; but these intervals transmit 
other fringes of the same nature, though with colours in- the reverse order.; from 
which Sir Isaac Newton justly inferred, that at one thickness of a plate the rays 
were transmitted in rings, and at another reflected in like rings. Now it is evident, 
that neither reflexibility nor refrangibility will account for either, sort of rings, 
because the plate is far too thin for separating the rays by the latter, and because 
the colours are in the wrong order for the former; and also because the whole ap^- 
pearance is totally unlike any that refrangibility and reflexibility ever produce. To 
say that they are formed by the tjiickness of the plates,, is not explaining the thing 
at ail. It is demanded in what way? and indeed we see the like dark interval's and 
the same fringes formed at a distance from bodies by flexion, where there is no 
plate through which the rays pass. The state of the case then seems to be this? 
“ when a phenomenon is produced in a particular combination of circumstances, 
and the same phenomenon is also-produced in another- combination, where some of 
the circumstances, before present, are granting; we are intitled to conclude that 
the latter is the most general case, and must try to resolve the other into it.” In 
the first place, the order of the colours in the Newtonian rings is just such as 
flexion would produce; that is, those which are transmitted have the ped inner- 
most, those which are reflected have the red outermost ; the former are the ooloqrs 
arranged as they would be by inflexion, the latter as they would be by deflexiop; 
and here by outermost and innermost must be understood relative position only, or 
position with respect to the thickness of the plate, not of the central spot. 2dly» 

* Optic*, Book 11. P. 1.— Orig. 
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the thinnest plate makes the broadest ring, the diameter of the rings being in the 
inverse subduplicate ratio of the plate's thickness; just so is it' with fringes by 
flexion; nearer the body the fringes are broadest, and their diameters increase in 
the same ratio with the diameters of the rings by plates whose thickness is uniform ; 
each distance from the bending body therefore corresponds with a ring or fringe of 
a particular breadth, and the alternate distances correspond with the dark intervals:, 
the question then is, what becomes of the light which falls on or passes at these al- 
ternate distances? In the case of thin plates, this light is transmitted in other rings; 
we should therefore be led to think that in the case of the light passing by bodies, 
it should be at one distance inflected, and at another deflected; and in fact the 
phenomena agree with this, for fringes are formed by inflexion within the shadbws 
of bodies; they are separated by dark intervals; the fringes and the intervals with- 
out the shadow decrease in breadth according to the same law; so that the fringes 
and intervals within the shadow correspond with the intervals and fringes without, 
respectively. Nor will this explanation at all affect the theory formerly laid down; 
it will only, -if found consistent with further induction, change the definite spheres 
of inflexipn and deflexion into alternate spheres. At any rate, the facts here being 
the same with those described by Newton, but in different circumstances, teach us 
to reconcile the difference, which we have attempted to do, as far as is consistent 
with strictness ; and what we have seen not only entitles us to conclude that the 
cause is the same, but also inclines us to look for further light concerning that 
cause's general operation: and I trust some experiments which I have planned, with 
an instrument contrived for the purpose of investigating the ratio of the bending 
power to the distances at which it acts, will finally settle this point. . . 

II. Another conclusion follows from the experiments now related, viz. that we 
see the great importance of having specula for reflectors delicately polished ; not 
only because the more dark imperfections there are on the surface, the more light is 
lost, and the more colours are produced by flexion (these colours would be mostly 
mixed and form white in the focus), but also because the smallest scratches ox 
hairs, being polished, produce colours by reflexion, and these, diverging irregularly 
from the point of incidence, are never collected into a focus, but tend to confuse 
the image. Indeed it is wonderful that reflectors do not suffer more from this 
cause, considering the almost impossibility of avoiding the hairs we speak of : 
however, that they do actually suffer is proved by experience. I have tried several 
specula from reflecting telescopes, and found that though they performed very well, 
from having a good figure, yet from the focus, when they were held in the sun’s 
light, several streaks diverged, and were never corrected ; others had the hairs so 
small, that it Was very difficult to perceive the colours produced by them, unless 
they fell on the eye. Glass concaves were freer from these hairs, but they Were 
much more hurt by dark spots. See. In general, the hairs are so small in well 
wrought metals, that they do little hurt ; but when enlarged by any length of ex- 
posure to the light and heat in solar observations, they produce irregularities round 
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the image. Such at least I take to be the explanation of the phenomenon, observed 
at Paris by M. de Barros during the transit of Mercury in 1743, and recorded in 
Phil. Trans, for 1733. But there is another more serious impediment to the per- 
formance of reflectors, and which it is to be- feared we have no means of removing. 
In making the experiments of which the history has been given, on viewing atten- 
tively. the surface of the speculum, every part of it was seen covered with points of 
colours, formed by reflexion from the small particles of the body. I never saw a 
speculum free in the least from these, so that the image formed in the focus must 
be rendered much more dim and confused by them, than it otherwise would be. 

III. The last conclusion which may be drawn from these experiments, is a very 
clear demonstration in confirmation of what was otherwise shown, concerning the 
difference between coloured images produced by reflexion, and those made hy 
flexion. This complete diversity is most evident in the experiments with specula, 
the colours produced by which, in the form of fringes and rings, ought, as well as 
the others described as images by reflexion in obs. II, to be the same in appear- 
ance with those formed by pins ; whereas no 2 things can be more dissimilar. It 
remains to examine the 6th proposition : for this purpose I made the following 
observations. 

Observ. 1. Having procured a good specimen of Iceland crystal, I split it into 
several pieces, and chose one whose surface was best polished. I exposed this to a 
Small cone of the sun’s light, and received the reflected rays on a chart : nothing 
was observable in the image, more than what happens in reflexion from any other 
polished body. Some pieces indeed doubled and tripled the image, but only such 
as were rough on the surface, and consequently, presented several surfaces to the 
rays : when smooth and well polished, a single image was all that they formed. 
The same happened when I viewed a candle, the letters of a book, Ac. by reflexion 
from the Iceland crystal. 

Observ. 2. I ground a smaH piece of Iceland crystal round at the edge, and gave 
it a tolerable polish here and there by rubbing it on looking-glass, and sometimes 
by a burnisher (it would have been next to impossible to polish it completely). I 
then placed the polished part in the rays near the hole in the window-shutter, and 
saw the chart illuminated with a great variety of colours by reflexion, irregularly 
scattered, as described above * ; I therefore held the edge in the smoke of a candle 
and blackened it all over, then rubbed off a very little of the soot, and exposed it 
again in the rays. I now got a pretty good streak of images by reflexion, in no 
respect differing from those made in the common way. Nor could I ever produce 
a double set, or a single set of double images, by any specimen properly prepared, 
either on a chart by the rays of the sun, or on my eye by those of a candle. . 

Observ. 3. I ground to an even and pretty sharp edge 2 pieces of Iceland crystal, 
.and placed one in the sun’s rays. At some feet distance I viewed the fringes with 
which its shadow was surrounded, and saw the usual number in the usual order. 

* PhiU Train, for i796.-~Orig. 
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1 then applied the other edge so near that their spheres of flexion might interfere 
m the manner before described *, and thus the fringes might be distended : 'Still 
no uncommon appearance took place ; nor when other bodies were used with one 
edge of crystal, nor when polished pieces of different shapes and sizes were em- 
ployed. The same things happened by candle-light, and also by refracted homoge- 
neal light. In short,' I repeated most of my experiments on flexion with Iceland 
crystal, and found that they were not changed at all in their results. • 

Observ. 4. Having great reason to doubt the accuracy of an experiment tried 
by Mr. tylartin, and in which, by a prism of Iceland crystal, he thought 6 spectra 
were produced, I was not much surprized to find, that a prism made by polishing 
the 2 contiguous sides of a parallelopiped of Iceland crystal produced only 2 equal 
and parallel images, in whatever position the prism was held. But though, from 
the' imperfect account which Martin gives of this appearance, it was impossible to 
discover his error from his own words, yet chance led me to find but what most 
probably, had misled him ; for looking at a candle through the opposite sides of a 
specimen of Iceland crystal, I saw 4 coloured images, besides 2 white ones, of the 
candle. These were parallel to one another, and in the same line, as represented 
in fig. 1 1 , where b represents the two regular images, g and r two others coloured 
very irregularly, and changing colours as the crystal was moved horizontally, some* 
times appearing each two-fold, and its 2 parts of the same or different colours. 
A and b were regularly coloured, and evidently formed by refraction, and reflected 
back from the sides. On turning the crystal round, so that its position might be 
at right angles to its former position, the images moved round, and were in a line 
perpendicular to ab, as cd. All this happened in like manner in the sun’s rays } 
and on viewing the specimen, I found it was split and broken in the inside, so as 
to be lamellated' in directions parallel, or nearly so, to the sides ; on these plates 
there were colours in the day-time by the light of the clouds : and it is evident that 
it was these fractures which caused the irregular images g and p, for other speci- 
mens showed no such appearance. I would therefore conclude, that Iceland crys- 
* tal separates the rays of light into 2 equal and similar beams by refraction, and 
no more -f*. 

As to the cause of the separation, I would hope that some information may be 
obtained from the experiments I have related : for from them it appears, that this 
singular property extends no farther than to the action of the particles of Iceland 

# Phil. Trans, for 1796* page 256. — Orig. 

f Mentioning this account of Martin's mistake to Professor Robison, of this university, I was pleased 
to find a full confirmation of it It was that excellent philosopher who showed the appearance to Mar- 
tin 5 but he not understanding it, took the liberty of publishing the observation as his own, after first 
m a ngling it in such a way as to give him indeed some pretext for the appropriation. The Professor 
merely mentioned his having communicated it to Mr. Martin ; how the latter used it we have shown in 
the text : the theory of the appearance is somewhat more complex than appears by my observations* I 
. was therefore pleased to find that the Professor was in possession of the true account of it ; which is 
however foreign to the present purpose.— Orig. 
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crystal on the particles of fight in their passage through the body ; and from obs. 
4 it is further evident, that it is not owing to the different properties which Sir 
Isaac Newton conjectures the different sides of rays to have ; for if this vfere the 
cause, when the rays pass between 1 pieces of crystal, an uncommon flexion would 
take plase. Lastly, another fact, mis-stated by Bartolin * and Rome de Lisle *f*, 
shows, that the unusual refraction takes place within the body, while the other, 
like all refractions, begins at some small distance before the rays enter. 

The writers just now quoted assert, that if the crystal be turned round so as to 
assume different positions, there is one in which the line appears single. The fact 
is very different, as follows. When the crystal is turned round, the unusual image 
moves round also, and appears above the other ; the greatest distance between the 
1 images is when they are parallel to the line bisecting one of the acute angles of 
the parallelogram through which the rays pass ; when the images are parallel to a 
line bisecting one of the obtuse angles, they seem to coincide ; but they will be 
found, if observed more nearly, to coincide only in part. Thus, in fig. 13, ab 
and cd are the* black' lines at their greater distance, and their extremities a and 
C, B and d are even with each other; that is, the figure formed by joining a and 
c, b and d, is a rectangle. But in the other case, fig. 1 2, ab and cn being the 
lines, the space cb, equal in depth of colour to the real line on the paper, is the 
only place in which the lines or images coincide. The space ac of ab, and bd of 
CD are still of a light colour, and the 2 lines ab and cd do not coincide, by the 
difference ac or bd ; that is, by the difference of, the greatest distance; fig. 13. 
In short, the unusual line’s extremities describe circles, in the motion of the crys- 
tal, whose centres are the extremities of the usual line, and whose radii are the 
greatest distance. From this it appears evident, that the unusual image is formed 
within the crystal, and turns round with the side of the particle, or rhomboidal 
mass of particles, which forms it. Further, it is evident that the power which 
produces the division of the incident light, is very different from common refrac- 
tion, from the motion, and the effect taking place when the rays are perpendicular. 
Suspecting therefore, that it might be owing to flexion, I made the following expe- 
riment, which undeceived me. 

Observ. 5. I covered one side of a specimen of Iceland crystal, 3 inches deep, 
with black paper, all but a small space of an inch in diameter, and placed a 
screen with a hole of the same size, 6 feet from the hole in the window-shutter of 
my darkened chamber, so that the rays might pass through the screen, and fall on 
» prism placed behind,- to refract them into a small and well defined spectrum, 
which was received on a chart 2 feet from the prism. This spectrum I viewed 
through the crystal, and of course saw it doubled ; but the 2 images were by no 
means parallel ; the unusual one inclined to the red, and its violet was considerably 
farther removed from the violet of the other, than the 2 reds were from each 
other *. which shows that the most refrangible or least flexible rays were farthest 

• Eiperunenta Crystalli.— Orig. . f Crutallographie, vol. L— Orig. 
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moved from their course by the unusuat action, and proves this to be very different 
from flexion *. < 

From all these observations this conclusion follows : that the remarkable pheno- 
menon in question arises from an action very different from either refraction or 
flexion; and whose nature well deserves to be further considered. It may possibly 
belong to the particles of Iceland crystal, and in a degree to those of rock crystal, 
from the form and angles of the rhomboidal masses, of which these bodies are 
composed. Nor is this conjecture at all disproved by the fact, that glass shaped 
like these bodies wants the property ; for we cannot mould the particles of glass, 
we can only shape large masses of these ; whereas we cannot doubt that in crystal- 
lization the smallest masses assume the same form with the largest : but then other 
hypotheses may perhaps also account for the fact, such as atmospheres, electric 
fluid, &c. &c. ; so that till fuilher observations are made, we ought to rest content- 
ed with barely suggesting the query. In the mean time, reserving to a future op- 
portunity some inquiries concerning the chemical properties of light, and the nature 
of the forces which bodies exert on it internally, I conclude at present with a short 
.summary of propositions. But first, may I be permitted to express a hope, that 
'what has been already attempted may prove acceptable to such as love to admire 
the beautiful regularity of nature, or more particularly to trace her operations, as 
exhibited in one of the most pleasing, most important, and most unerring walks of 
physical sciepce. 

Prop. 1. The sun's light consists of parts which differ in degree of refrangity, reflexity, inflexify, and 
deflexity ; and the rays which are most flexible have also the greatest refrangity, reflexity, and flexity ; 
or are most refrangile, refiexile, and flexile. — Prop. 2. Rays of compound light passing through the 
spheres of flexion and falling on the bending body, are not separated by their flexibility, either in their 
approach to, or return from the body. — Prop. 3. The colours of thin and those of thick plates are pre- 
cisely of the same nature ; differing only in the thickness of the plate which forms them. — Prop. 4. 
The colours of [dates are caused by flexion, and may be produced without any transmission whatever. — 
Prop. 5. All the consequences deducible from the theory a priori are found to follow in fact. — Prop. 
6. The common fringes by flexion, called hitherto the “ 3 fringes,” are found to be as numerous as the 
others.— Prop. 7. Tire unusual image by Iceland crystal is caused by some power inherent in its particles, 
different from refraction, reflexion, and flexion. — Prop. 8. This power resembles refraction in its degree 
of actiop on different ray’s ; but it resembles flexion within the body, in not taking place at a distance 
from it j in acting as well on perpendicular as on oblique rays ; and in its sphere or space of exertion 
moving with the particles which It attends. 

XVU. On Gouty and Urinary Concretions. By IV. Hyde Wollaston , M. D., 

F. R. S. p. 386. 

If in any case a chemical knowledge of the effects of diseases will assist us in 
the cure of them, in none does it seem more likely to be of service than in the 
removal of the several concretions that are formed in various parts of the body. 
Of these, one species from the bladder has been thoroughly examined by Scheele, 
who found it to consist almost entirely of a peculiar concrete acid, which, since his 

* When a candle os line is viewed through a deep specimen, the unusual image is tinged with colours, 
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time, has received the name of lithic acid. In the following paper I purpose giving 

account of the analysis of gouty concretions, and of 4 new urinary calculi. 

The gouty matter, from its appearance, was originally considered as chalk r but 
from being found in an animal not known to contain or secrete calcareous earth 
uncombined with phosphoric acid, it has since been supposed to resemble earth of 
bones. Dr. Cullen has even asserted, that it is ‘ very entirely’ soluble in acids. 
The assertion however, is by no means generally true, and I think he must pro- 
bably have used the nitrous acid, for I find no other that will dissolve it. Another 
opinion*, and I believe at this time the most prevalent, is, that it consists of lithic 
acid, or matter of the calculus described by Scheele. But this idea is not I believe 
founded on any direct experiments, nor is it, to my knowledge, more ably sup- 
ported than by Mr. Forbes, who defends it solely by pathological arguments from 
the history of the disease. Had he undertaken an examination of the substance 
itself, he would have found that, instead of a mere concrete acid, the gouty matter 
is a neutral compound, consisting of lithic acid and mineral alkali ; as the following 
experiments will prove. 

(1) If a small quantity of diluted vitriolic acid be poured on the chalk-stone, 
part of the alkali is extracted, and crystals of Glauber’s salt may be obtained from 
the solution. Common salt may still more easily be procured by marine acid. The 
addition of more acid will extract the whole of the alkali, leaving a large propor- 
tion of the chalk-stone undissolved ; which exhibits the following characteristic 
properties of lithic matter, (a) By distillation it yields a little volatile alkali, Prus- 
sic add, and an acid sublimate, having the same crystalline form as the sublimate 
observed by Scheele. (b) Dissolved in a small quantity of diluted nitrous acid it 
tinges the skin with a rose colour, and when evaporated leaves a rose-coloured de- 
liquescent residuum, (c) It dissolves readily in caustic vegetable alkali, and may 
be precipitated from it by any acid, and also by mild volatile alkali ; first as a jelly, 
and then breakiug down into a white powder. 

(2) In distillation of the chalk-stohe the lithic add is decomposed, and yields 
the usual products of animal substances, viz. a fetid alkaline liquor, volatile alkali, 
and a heavy fetid oil, leaving a spongy coal ; which when burnt in open air fuses 
into a white salt, that does not deliquesce, but dissolves entirely in water, is alka- 
line, and when saturated with nitrous acid gives rhomboidal crystals. These cha- 
racteristic properties prove it to be mineral alkali. 

(3) Caustic vegetable alkali poured on the chalk-stone, and warmed, dissolves 
the whole, without emitting any smell of volatile alkali. From which it appears, 
that the volatile alkali obtained by distillation is a product arising from a new arrange- 
ment of elements, not so combined in the substance itself. 

(4) Water aided by a boiling heat dissolves a very small proportion of the gouty 
concretion, and retains it when cold. The lithic acid thus dissolved in combination 
with the alkali, is rather more than would be dissolved alone ; so that by addition 
of marine add it may be separated. While the solution continues warm no preci- 
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pitate is formed ; but as it cools, the lithic acid crystallises on the sides of the ves- 
sel, in this same manner as the crystals called red sand do, when an acid is added to 
recent urine. The gouty concrete may be easily formed by uniting the ingredients 
of which I have found it to consist. 

(5) If a fragment of lithic acid be triturated with some mineral alkali and a 
little warm water, they unite, and after the superfluous alkali has been washed out, 
the remainder has every chemical property of gouty matter. The acid will not 
sublime from it, but is decomposed (2) by heat: the alkali may be extracted 
by the vitriolic or marine (l), or indeed by most acids. The compound re- 
quires a large quantity of water for its solution (4), and while warm the solution 
yields no precipitate by the addition oT an acid ; but on its cooling the lithic crys- 
tals form, as in the preceding experiment. In each case the crystals are too small 
for accurate examination, but I have observed, that by mixing a few drops of 
caustic vegetable alkali to the solution previous to the decomposition, they may be 
rendered somewhat larger. At the first precipitation, the crystals from gouty mat- 
ter were not similar to those of lithic acid ; but by redissolving the precipitate in 
water with the addition of a little caustic vegetable alkali, and decomposing the 
solution as before, while hot, the crystals obtained were perfectly similar to those 
of lithic acid procured by the same means. 

Such then are the essential ingredients of the gouty concretion. But there 
might probably be discovered, by an examination of larger masres than I possess, 
some portion of common animal fibre or fluids intermixed ; but whatever particles 
of heterogeneous matter may be detected, they are in far too small proportion to 
invalidate the general result, that * gouty matter is lithiated soda.’ The knowledge 
of this compound may lead to a further trial of the alkalies which have been ob- 
served by Dr. Cullen to be apparently efficacious in preventing the returns of this 
disease (First Lines, dlviii) ; and may induce us, when correcting the acidity to 
which gouty persons are frequently subject, to employ the fixed alkalies, which are 
either of them capable of dissolving gouty matter, in preference to the earths, 
termed absorbent, which can have no such beneficial effect. 

Fusible calculus . — My next subject of inquiry has been a species of calculus, that 
was first ascertained to differ from that of Scheele by Mr. Tennant ; who found . 
that when urged by the heat of a blow-pipe, instead of being nearly consumed, it 
left a large proportion, fused into an opaque white glass, which he conjectured to 
be phosphorated lime united with other phosphoric salts of the urine, but never 
attempted a more minute analysis. Stones of this kind are always whiter than 
those described by Scheele, and some specimens are perfectly white. The greater 
part of them have an appearance of sparkling crystals, which are most discernible 
where 2 crusts of a laminated stone have been separated from each other. I lately 
had an opportunity of procuring these crystals alone, voided in the form of a white 
sand, and thence of determining the nature of the compound stone, in which these 
are cemented by other ingredients. The crystals consist of phosphoric acid, npag- 
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nesia, and volatile alkali : the stone contains also phosphorated lime, and generally 
some lithic acid. The form of the crystals is a short trilateral prism, having one 
angle a right angle, and the other 2 equal, terminated by a pyramid of 3 or 6 
sides. 

'(6) By heat the volatile alkali may be driven off from the crystals, and they are 
rendered opaque, or may bfe partially fused. The phosphorated magnesia may then 
be dissolved in nitrous acid ; and by addition of quicksilver dissolved in the same 
acid, a precipitate of phosphorated quicksilver is obtained, from which the quicks 
silver may be • expelled by heat, and the acid procured separate. By addition of 
vitriolic acid to the remaining solutipn, Epsom salt is formed, and may be crystal- 
lized, after the requisite evaporation of the nitrous acid, and separation of any re- 
dundant quicksilver. — (7) These crystals require a very large quantity of water for 
their solution, but are readily soluble in most if not afl acids ; viz. vitriolic, nitrous, 
marine, phosphoric, saccharine, and acetous ; and when precipitated from them re- 
assume the crystalline form. — (8) From the solution in marine. acid, sal ammoniac 
may be .obtained by sublimation. 

(9) Though the analysis is satisfactory, the synthetic proof is, if possible, still 
more so. After dissolving magnesia in phosphoric acid, the addition of volatile 
alkali immediately forms the crystalline precipitate, having the same figure and 
properties as the original crystals. — (10) If volatile alkali be cautiously mixed with 
recent urine, the same compound will be formed $ the first appearance that takes 
place when a sufficient quantity of alkali has been gradually added, is a precipitate 
of these triple crystals. These constitute the greater part of the fusible stone ; so 
that a previous acquaintance with their properties is necessary, in order to compre- 
hend justly the nature of the compound stone in which they are contained. The 
most direct analysis of the compound stone is effected by the successive action of 
distilled vinegar, marine acid, and caustic vegetable alkali. 

(11) Distilled vinegar acts but slowly on the calculus when entire; but when 
powdered, it immediately dissolves the triple crystals, which may be again precipi- 
tated from it as ciystals by volatile alkali ; and if the solution has not been aided 
by heat, scarcely any of the phosphorated lime will be found blended with them. 
In one trial the triple crystals exceeded -fa of the quantity employed ; but it seemed 
unnecessary to determine the exact proportion which they bear to the other ingre- 
dients in any one instance, as that proportion must vary in different specimens of 
such an assemblage of substances not chemically combined. Marine acid, poured 
on the remainder, dissolves the phosphorated lime, leaving a very small residuum. 
This is soluble in caustic vegetable alkali entirely, and has every other property of 
mere lithic acid. ' The presence of volatile alkali in the compound stone may be 
shown in various ways. 

(12) In the distillation of this stone, there arises, first volatile alkali in great 
abundance, a little fetid oil, and lithic acid. There remains a large proportion 
charred. Water poured on the remaining coal dissolves an extremely small quantity 
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of a salt, apparently common salt, but too minute for accurate examination. Dis- 
tilled vinegar dissolves no part of it, even when powdered. Marine acid dissolves 
the phosphorated lime and phosphorated magnesia, leaving nothing but a little 
charcoal. From this solution vitriolic acid occasions a precipitate of selenite, after 
which triple crystals may be formed by addition of volatile alkali. — (13) Marine 
acid also acts readily on a fragment of the stone, leaving only yellowish laminae of 
lithic acid. When the solution has been evaporated to dryness, sal ammoniac 
may be sublimed from it ; and the 2 phosphorated earths are found combined with 
more or less of marine acid, according to the degree of heat applied. If the pro- 
portion of the earths is wished to be ascertained, acid of sugar will separate them 
most effectually, by dissolving the phosphorated magnesia, and forming an inso- 
luble compound with the lime. 

(14) Caustic vegetable alkali has but little effect on the entire stone; but if 
heated on the stone in powder, a strong effervescence takes place from the escape 
of alkaline air, and the menstruum is found to contain lithic acid precipitable by 
any other acid. Some phosphoric acid also, from a partial decomposition of the 
triple crystals, is detected by nitrated quicksilver.-**^ 15) The triple crystals alone 
are scarcely fusible under the blow-pipe; phosphorated lime proves still more re- 
fractory; but mixtures of the 2 are extremely fusible, ' which explains the fusibility 
of the calculus. The appearance of the lithic strata, and the small proportion 
they bear to the other ingredients, shows that they aft not an essential part, but an 
accidental deposit, that would be formed on any extraneous substance in the 
bladder, and which probably in this instance concretes during any temporary in- 
terval that may occur in the formation of the crystals. — I come now to what has 
been called 

/ 

Mulberry calculus . — This stone, though by no means overlooked, and though 
pointed out as differing from other species, has not, to my knowledge, been sub- 
jected to any further analysis than is given, in the 2d vol. of the Med. Trans., by 
Dr. Dawson, who found that his lixivium had little or no effect on it; and in the 
Phil. Trans, by Mr. Lane, who, among other simple and compound stones, gives 
an account of the comparative effects of lixivium and heat on a few specimens of 
mulberry calculus, (viz. N° 7, 8, 9, 10) ; but neither of these writers attempted 
to ascertain the constituent parts. Though the name has been confined to such 
stones as, from their irregularity, knotted, surface, and dark colour, bear a distant 
resemblance to that fruit, I find the species, chemically considered, to be more 
extensive, comprehending also some of the smoothest stones we meet with; of 
which one in my possession is of a much lighter colour, so as to resemble in hue, 
as well as smoothness, the surface of a hemp-seed. From this circumstance it 
seems not improbable that the darkness t>f irregular stones may have arisen from 
blood voided in consequence of their roughness. The smooth calculus I find to 
consist of lime united with the acids of sugar and of phosphorus. The rougher 
specimens have generally some lithic acid in their interstices. 
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(16) Caustic vegetable alkali acquires a Slight tinge from a fragment, of this 
kind of stone, but will not dissolve it. When powdered it is thereby purified from 
any quantity of lithic acid that it may contain. Phosphoric acid will then dissolve 
out the phosphorated lime, and the remainder, after being washed, may be decom- 
posedby the vitriolic acid. The affinity of this acid for a certain proportion of lime is 
superior even to that of acid of sugar; selenite is formed, and the acid of sugar 
may be crystallized, and by the form of its crystals recognized, as well as by every 
other property. It is easily soluble, occasions a precipitate from lime water, and 
from a solution of selenite, and with mineral alkali forms a salt that requires a large 
quantity of water for its solution. 

{17) When the stone has been finely powdered, marine acid will slowly dissolve 
all but any small quantity of lithic matter which it may contain. After the solu- 
tion has been evaporated to dryness, no part is then soluble in water, the marine 
acid being wholly expelled. When the dried mass is distilled with a greater heat, 
the saccharine acid is decomposed, and a sublimate formed, still acid and still 
crystallizable, but much less soluble in water, and which does not precipitate lime 
from lime water. After distillation, the remainder contains phosphorated lime, 
pure lime, and charcoal; and when calcined in the open air, the charcoal is con- 
sumed, and the whole reduced to a white powder. The 2 former may be dissolved 
in marine acid, which when evaporated to dryness will be retained only by the 
lime; so that water will then separate the muriated lime, and the phosphorated 
lime may afterwards be submitted to the usual analysis. 

Bane-earth calculus . — Beside that of Scheele, and the 2 already noticed, there 
is also a 4 th species of calculus, occasionally formed in the bladder, distinct in its 
appearance, and differing in its component parts from the rest; for it consists entirely 
of phosphorated lime. Its surface is generally of a pale brown, and so smooth as 
to appear polished; .when sawed through, it is found very regularly laminated; and 
the laminae in general adhere so slightly to each other, as to separate with ease 
into concentric crusts. In a specimen with which I was favoured by Dr. Baillie, 
each lamina is striated in a direction perpendicular to the surface, as from an 
assemblage of crystallized fibres. The calculus dissolves entirely, though slowly, 
in marine or nitrous acid, and, consisting of the same elements as earth of bones, 
may undergo a similar analysis, which it cannot be necessary to particularize. By 
the blow-pipe it is immediately discovered to differ from other urinary calculi: it 
is at first slightly charred, but soon becomes perfectly white, still retaining its 
form, till urged with the utmost heat from a common blow-pipe, when it may at 
length be completely fused. But even this degree of fusibility is superior to that 
of bones. The difference consists in an excess of calcareous earth contained in 
bones, which renders them less fusible. This redundant portion of lime in bones 
renders them also more readily soluble in marine acid, and may, by evaporation 
' of such a solution, be separated, as in the last experiment on mulberry calculus.. 
, The remaining phosphorated lime may be re-dissolved by a fresh addition of marine 
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acid ; and being now freed from redundant lime, will, on evaporation of the marine 
acid, assume a crystalline form. As the laminated calculus contains no excess of 
lime, that will at once, yield such crystals: their appearance will be described in 
the succeeding experiment. 

Calculus from the prostate gland . — There is still another calculus of the urinary ' 
passages, though not of the bladder itself, which deserves notice, not from the 
frequency of its occurrence, but from having been supposed to give rise to stone 
in the bladder. I mean the small stones which are occasionally found in the pros- 
tate gland. Those that I have seen, and which, by favour of Mr. Abemethy, I 
have had an opportunity of examining, were from the size of the smallest pin’s, 
head to that of pearl barley, in colour and transparency like amber, and appeared 
originally to have been spherical ; but from contiguity with others, some had flat- 
tened surfaces, so as at first sight to appear crystallized. These I find to be phos- 
phorated lime in the state of neutralization, tinged with the secretion of the 
prostate gland. 

(18) A small fragment being put into a drop of marine acid,' on a piece of gla ss 
over a candle, was soon dissolved; and on evaporation of the acid, crystallized in 
needles, making angles of about 6o° and 120° with each other. Water dropped 
on the crystals would dissolve no part of them ; but in marine acid they would re- 
dissolve, and might be re-crystallized.— ( 1 9 ) Vitriolic acid forms selenite with the 
calcareous earth.-— (20) By aid of nitrated quicksilver, phosphoric acid is readily 
obtained. 

(21) When heated this calculus decrepitates strongly; it next emits the usual 
smell of burnt animal substances, and is charred, but will not become white 
though partially fused. It still is soluble in marine add, and will in that state 
crystallize more perfectly than before. Hence I conclude, that these stones are 
tinged with the liquor of the prostate gland, which in their original state (18) 
somewhat impedes the crystallization. This crystallization from marine acid is so 
delicate a test of the neutral phosphorated lime, that I have been enabled by that 
means to detect the formation of it, though the quantities were very minute. The 
particles of sand which are so generally to be felt in the pineal gland, have 
this for their basis; for I find that after calcination they crystallize perfectly from 
marine acid. I have likewise met with the same compound in a very pure state, 
and soft, contained in a cyst under the pleura costalis. 

On the contrary, ossifications, properly so called, of arteries and of the valves 
of the heart, are similar to earth of bones, in containing the redundant calcareous 
earth; and I believe also those of vdns, of the bronchi®, and of the tendinous 
portion of the diaphragm, have the same excess; but my experiments on these 
were made too long since for me to speak with certainty. To these I may also add 
the incrustation frequently formed on the teeth, which, in the only 2 specimens 
that I have examined, proved to be a similar compound, with a very small excess 
of lime. 

9 9 2 
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Though I do not at present presume to draw conclusions with regard to the 
treatment of all the diseases in question, some inferences cannot pass unobserved. 
The sand from the pineal gland, from its frequency hardly to be called a disease, or 
when amounting to disease most certainly not known by its symptoms, would, at 
the same time, if known, be wholly out of the reach of any remedy. The calculi 
of the prostate are too rare perhaps to have been ever yet suspected in the living 
body, and are but indirectly worthy of notice. For if by chance one of them 
should be voided with the urine, a knowledge of its source would guard us against 
an error we might otherwise fall into, of proposing the usual solvents for urinary calculi. 

The bone-earth calculus, though so nearly allied to the last, is still manifestly 
different, and cannot be supposed to originate from that source; but if ever the 
drinking of water impregnated with calcareous earth gave rise to a stone in the 
bladder, this would most probably be the kind generated, and the remedy must evi- 
dently be of an acid nature. With respect to the mulberry calculus, I fear that an 
intimate knowledge of its properties will leave but small prospect of relief from any 
solvent; but by tracing the source of the disease we may entertain some hopes of 
preventing it. As the saccharine acid is known to be a natural product of a species 
of oxalis, it seems more probable that it is contained in some other vegetables or 
their fruits taken as aliment, than produced by the digestive powers, or secreted by 
any diseased action of the kidneys. The nutriment would therefore become a sub- 
ject of minute inquiry, rather than any supposed defect of assimilation or secretion. 

When a calculus is discovered, by the evacuations, to be of the fusible kind, wo 
seem to be allowed a more favourable prospect in our attempts to relieve: for here 
any acid that is carried to the bladder will act on the triple crystals, and most 
acids will also dissolve the phosphorated lime; while alkalies, on the contrary, 
would rather have a tendency to add to the disease. Though, from want 
of sufficient attention to the varieties of sediment from urine, and want of 
information with regard to the diversity of urinary calculi, the deposits peculiar 
to each concretion are yet unknown; it seems probable that no long course of 
observation would be necessary to ascertain with what species any individual may. 
be afflicted. 

The lithic, which is by fer the most prevalent, fortunately affords us great va- 
riety of proofs of its presence. Particles of red sand, as they are called, are its 
crystals. Fragments also of larger masses, aqd small stones, are frequently passed; 
and it is probable that the majority of appearances in the urine called purulent, 
are either the acid itself precipitated too quickly to crystallize, or a nentral com- 
pound of that acid with one of the fixed alkalies. Beside this species, the fusible 
calculus has afforded decisive marks of its presence in the case which furnished me 
with my specimen of triple crystals; and by the description given by Mr. Forbes- 
(in his Treatise on Gravel and Gout, ed. 1793, p. 65), of a white crystallized! 
precipitate, I entertain no doubt that his patient laboured under that variety of tSe 
disease. 
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XFII1. Experiments on Carbonated Hydrogenous Gas; with a Piste to determine 

whether Carbon be a Simple or a Compound Substance. By Mr. fPm. Henry. 

p. 401. 

The progress of chemical science depends not only on the acquisition of new 
fects, but on the accurate establishment, and just valuation, of those we already 
possess: for its general principles will otherwise be liable to frequent subversions; 
and the mutability of its doctrines will but ill accord with the unvaried order of 
nature. Impressed with this conviction, I have been induced to examine 
a late attempt to withdraw from its rank among the elementary bodies, one 
of the most interesting objects of chemistry. The inferences respecting the com- 
position of charcoal, deduced by Dr. Austin from his experiments on the heavy 
inflammable air, (Philos. Trans., vol. 80), lead to changes so numerous in our 
explanations of natural phenomena, that they ought not to be admitted without 
the strictest scrutiny of the reasoning of this philosopher, and an attentive repeti- 
tion of the experiments themselves. In the former, sources of fallacy may I think 
be easily detected; and in the latter, there is reason to suspect that Dr. Austin has 
been misled by inattention to some collateral circumstances. Several chemists 
however, of distinguished rank, have expressed themselves satisfied with the evi- 
dence thus produced in favour of the composition of charcoal; and among these 
k may be sufficient to mention Dr. Eeddoes, who has availed himself of the 
theory of Dr. Austin, in explaining some appearances that attend the conversion of 
cast into malleable iron. Philos. Trans., vol. 81. 

The heavy inflammable air, having been proved to consist of a solution of pure 
charcoal in light 'inflammable air, is termed, in the new- nomenclature, carbonated 
hydrogenous gas. By repeatedly passing the electric shock through a small quan- 
tity of this gas, confined in a bent tube over mercury, Dr. Austin found that it 
flfcs permanently dilated to more than twice its original volume. An expansion so 
remarkable could not, as he observes, be occasioned by any other known cause 
than the evolution of light inflammable air. When the electrified air was fired 
with oxygenous gas, it was found that more oxygen was required for its saturation 
than before the action of the electric fluid ; which proves that, by this process an 
actual addition was made of combustible matter. The light inflammable air dis- 
engaged by the electrization, doubtless proceeded from the decomposition of some 
substance within the influence of the electric fluid, and not merely from the ex- 
pansion of that contained in the carbonated hydrogenous gas; for had the quantity 
of hydrogen remained unaltered, and its state of dilatation only been changed,, 
there would not, after electrization, have been any increased consumption of 
. oxygen. 

The only substances in contact with the glass tube and mercuiy, in these expe- 
riments, besides the hydrogen of the dense inflammable gas, were carbon and 
water; which last, though probably not a constituent of gases, is however 'co- 
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piously diffused through them. If the evolved hydrogen proceeded from the 
decomposition of the former of these 2 substances, it is evident that a certain 
volume of the carbonated hydrogenous gas must yield, after electrization, on com- 
bustion with oxygen, less carbonic acid than an equal volume of non-electrified 
gas; or, in other words, the inflammation of 20 measures of carbonated hydrogen, 
expanded by electricity from lO, should not afford so much carbonic acid as 10 
measures of the unelectrified. 

From the fact which has been before stated, respecting the increased consump- 
tion of oxygen by the electrified air, it follows, that in determining the quantity 
of its carbon by combustion, such an addition of oxygen should be made, to that 
necessary for the saturation of the gas before exposure to the electric shock, as will 
completely saturate the evolved hydrogen. For if this caution be not observed, 
we may reasonably suspect that the product of carbonic acid is diminished, only 
because a part of the heavy inflammable air has escaped combustion. It might 
indeed be supposed, that in consequence of the superior affinity of carbon for 
oxygen, the whole of the former substance, contained in the dense inflammable 
gas, would be saturated, and changed into carbonic acid, before the attraction of 
hydrogen for oxygen could operate in the production of water. But I have found 
that the residue, after inflaming the carbonated hydrogenous gaz with a deficiency 
of oxygen, and removing the carbonic acid, is not simply hydrogenous, but car- 
bonated hydrogenous gas. 

In the 2 d, 5th, and Oth of Dr. Austin’s experiments, in which the quantity of 
carbon, in the electrified gas, was examined by deflagrating it with oxygen, the 
combustion was incomplete, because a sufficiency of oxygen was not employed; 
and Dr. Austin himself was aware that, in each of them, “ a small quantity of 
heavy inflammable air might escape unaltered.” It is observable also, that the 
product of carbonic acid, from the electrified gas, increased in proportion as the 
combustion was more perfect. We may infer therefore, that if it had been com- 
plete, there would have been no deficiency of this acid gas, and consequently no 
indication of a decomposition of charcoal. A strong objection however is appli- 
cable to these, as well as to most of Dr. Austin’s experiments, that the residues 
were not examined with sufficient attention. In one instance we are told, that the 
remaining gas was inflammable, and in another, that it supported combustion like 
vital air. I need hardly remark, that a satisfactory analysis cannot be attained of 
any substance, without the most scrupulous regard, not only to the qualities, but 
to the precise quantities of the products of our operators. 

To the 8 th and 9 th experiments, the objection may be urged with additional 
weight, which has been brought against the preoeding ones, that the quantity of 
oxygen, instead of being duly increased in the combustion of the electrified gas, 
was, on the contrary, diminished. Thus, in the 8 th experiment, 2.83 measures 
of carbonated hydrogen were inflamed with 4.58 measures of oxygenous gas; but 
in the 9 th, though the 2.83 measures were dilated to 5.16, and had therefore 
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received a considerable addition of combustible matter, the oxygen employed was 
only 4.09. To the rest of Dr. Austin’s experiments either one- or both of the 
above objections are applicable. 

The first and most important step therefore, in the repetition of these experi- 
ments, is to determine, whether the carbonated hydrogenous gas really sustains, 
by the process of electrization, a diminution of its quantity of carbon; because, 
should this be decided in the negative, we derive from the fact a very useful direc- 
tion in ascertaining the true source of the evolved hydrogen. The following ex- 
periments were therefore made with a view to decide this question, and the error 
of Dr. Austin, in employing too little oxygen, was carefully avoided.* 

Exper. 1 . In a bent tube, standing inverted over mercury, 94.5 measures of 
carbonated hydrogenous gas, from acetite of pot-ash, were mixed with 107.5 of 
Oxygen. The total, 202, was reduced by an explosion to 128.5, and was further 
contracted by lime-water to 54. A solution of hepar sulphuris left only 23 mea-. 
sures. The diminution by lime-water, viz. 74.5 measures, makes known to us 
the quantity of carbonic acid afforded by the combustion of 94.5 measures of car- 
bonated hydrogenous gas; and the residue after the action of hepar sulphuris, viz. 23 
measures, gives the proportion of azotic gas contained in the carbonated hydrogen; 
for the oxygenous gas employed, which was procured from oxygenated muriate of 
pot-ash, was so pure, that the small quantity used in this experiment could not 
contain a measurable portion of azotic gas. 

Exper. 2. The same quantity of carbonated hydrogen was expanded, by repeated 
electrical shocks, to 188 measures. The addition of hydrogenous gais therefore 
amounted to 93.5. The gas thus dilated was fired, at different times, with 392.5 
measures of oxygenous gas; and the residue, after these several explosions, was 203 
measures. Lime water reduced it to 128.5, and sulphureof pot-ash to 19.5. In 
this instance, as in the former one, the product of carbonic acid is 74.5 measures. 
Finding, from the first experiment and other similar ones, that the carbonated hy- 
drogenous gas, which was the subject of them, contained a very large admixture 
of azotic gas, I again submitted to distillation a quantity of the acetite of pot-ash, 
with every precaution to prevent the adulteration of the product with atmospherical 
air. Such an adulteration, I. have observed, impedes considerably the dilatation of 
the gas, and for a time even entirely prevents it. This explains the failure, which 

♦ The apparatus employed in these experiments, was the ingenious contrivance of Mr. Cavendish, 
and is described in vol. 75, of the Philos. Trans. In ditating the gas, I sometimes used a straight tube, 
furnished with a conductor, in the manner of Dr. Priestley, (see his Experiments on Air, vol. 1, plate 

fig, l6.) The bulk of the gases introduced, and their volume after the various experiments, were 
ascertained by a moveable scale, and by afterwards weighing the mercury which filled the tube to the 
marks on the scale j by which means I was spared the trouble of graduating the syphons. Each grain 
of mercury indicates 1 measure of gas ; and though the smallness of die quantities submitted to experi- 
ment may be objected to, yet this advantage was gained, that the electrified gas could be fired at one 
explosion, as was done in the 4th, 6*th, and 8th experiments. Errors, from variations of temperature 
and atmospherical pressure, were carefully avoided.— Orig. 
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some experienced chemists have met with, in their attempts to expand the carbo- 
nated hydrogenous gas by electricity. Gas which is thus vitiated, becomes how- 
ever capable of expansion, after exposure to the sulphure of pot-ash. 

Exper. 3. Carbonated hydrogen 340 measures were exploded with the proper 
proportion of oxygenous gas. The carbonic acid produced amounted to 380 mea- 
sures, and the residue of azotic gas was 20 measures.- — Exper*. 4. The same quan- 
tity, when expanded to 690, gave on combustion 380 measures of carbonic acid, 
and 19.8 of azotic gas. — Exper, 5. 315 measures of carbonated hydrogen yielded 
359 measures of carbonic acid, and 18.5 measures of a*ot t.— Exper. 6. The same 
quantity, after expansion to 600, afforded the same products of carbonic acid and 
azotic gases. — Exper, 7 and 8. As much carbonic acid was obtained by the com- 
bustion of 408 measures of carbonated hydrogenous gas, expanded from 200, as 
from 200 measures of the non-electric fired gas; and the residues of azotic gas 
were the same in both cases. 

It is unnecessary to state the particulars of several other experiments, similar to 
those above related, which were attended with the same results. They sufficiently 
prove that the action of the electric spark, when passed through carbonated hy- 
drogenous gas, is not exerted in the decomposition of carbon ; for the same quantity 
of this substance is found after as before electrization. Even granting that char- 
coal is a compound, the constituents of which are held together by a very forcible 
affinity, it does not appear likely that the agency of the electric shock, which 
seems, in this instance, analogous to that of caloric, should effect its decomposition 
under the circumstances of these experiments. For it is a known property of char- 
coal to decompose water, when aided by a high temperature j and its union with 
oxygen is a much more probable event, when this body is present) than a separa- 
tion into its constituent principles. As an argument also, that water is the source 
of the light inflammable air in this process, it may be observed, that the dilatation 
in Dr. Austin’s experiments could never be carried much farther than twice the 
original bulk of the gas*. This fact evidently implies that the expansion ceased 
only in consequence of the entire destruction of the matter, whose decomposition 
afforded the light inflammable air, and this substance could not be carbon, because 
Dr. Austin admits that a large portion, and I have shown that the whole of it still 
remains unaltered. 

If the dilatation of the carbonated hydrogenous gas arose from the decomposition 
of water, the effect should cease when this fluid is previously abstracted. To as- 
certain whether this consequence would really follow, I exposed a portion of the 
gas, for several days before electrization, to dry caustic alkali. On attempting its 

* “ After the inflammable air has been expanded to about double its original bulk/* says Dr. Austin, 
* * I do not find that it increases further by continuing the shocks. Conceiving that the progress of the 
decomposition was impeded by the mixture of the other airs with the heavy inflammable, 1 passed the 
spark through a mixture of the heavy inflammable air and light inflammable \ by t the expansion suc- 
ceeded nearly aB well as when the heavy inflammable was electrified alone.” Phil. Trans, vol. 80> 
p. 52*— Orig. 

5 


Digitized by 


Google 





VOL. MCXXtII.] . PHILOSOPHICAL TRAK8ACTIOMS. 225 

expansion, I found that it could not be carried beyond the original bulk of the 
gas. By 160 very strong explosions it attained this small degree of dilatation, but 
60 more produced not the least effect; though the former number would have been 
amply sufficient to have dilated the gas, in its ordinary state, to more than twice 
its original volume. A drop or 1 of water being admitted to this portion of gas, 
the expansion went on as usual; and I may here observe, that when a little water 
gained admission ioto the tube along with the gas, in any experiment, which often 
happened before I had acquired sufficient expertness in transferring the air from 
water to mercury, the dilatation went on with remarkable rapidity. 

Carbonic acid gas, according to the discovery of M. Monge*, undergoes, when 
submitted to the electric shock, a change similar to that effected on the carbonated 
hydrogen; and the expansion has been shown, by Messrs. Landriani and Van 
Marum-f-, to be owing to the same cause, viz. the extrication of light inflammable 
air. The added gas, M. Monge ably contends, cannot proceed from any other 
source than the water held in solution by all aeriform bodies, the oxygen of which 
he supposes to combine with the mercury. That the decomponent of the water 
however, in the experiments which I have described, is not a metallic body, will 
appear highly probable when we reflect that there is present in them a combustible 
substance, viz. charcoal, which attracts oxygen much more strongly than metals; 
and the following experiments evince that the mercury, by which the air was con- 
fined, had no share in producing the phenomena. 

Exper. g. A portion of carbonated hydrogenous gas was introduced in a glass 
tube closed at one end, into which a piece of gold wire was inserted, that projected 
both within and without the cavity of the tube. The open end of the tube was 
then closed by a stopper perforated also with gold wire, so that electric .shocks 
could be passed through the confined air, without the contact of any metal that has 
the power of decomposing water. On opening the tube with its mouth downwards, 
under water, a quantity of air immediately rushed out. — Exper. 10. The dilatation 
of the gas was found to proceed very rapidly when standing over water, and exposed 
to the action of the electric fluid, conveyed by gold conductors. 

We have only therefore, in the 2 preceding experiments, one substance into con- 
tact with the gas which is capable of decomposing water, viz. charcoal. The union 
of this body with the oxygen of the water would be rendered palpable by the for- 
mation of carbonic acid; but Dr. Austin did not observe that any precipitation was 
occasioned in lime-water, by agitating it with the electrified gas. On passing up 
syrup of violets to the electrified air, with the expectation of its indicating the vola- 
tile alkali, as in the experiments of Dr. Austin, no change of colour took place, 
though the test was of unexceptionable purity. On examining however, whether 
any alteration of bulk had been produced in the air by the contact of this liquid, it 
appeared, that of 709 measures, 100 had been absorbed. Suspecting that the ab- 
sorption was owing to the presence of carbonic acid, I introduced some lime-water 
* 29 Journal de Physique, 277.— t 2 Annales de Cliimie, 273 .— Orig. 
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to a volume of the expanded gas, amounting to 5*6 measures, when they were 
immediately reduced to 312. The contraction would probably have been still more 
remarkable if the gas had been further expanded before the admission of the liquid. 
The change in the lime-water was very trifling; but my friend Mr. Rupp, who wit- 
nessed this as well as several of the other experiments, and who is much conversant 
in the observation of chemical facts, was satisfied that, after a while, he saw small 
flocculi of a precipitate on the surface of the mercury. This contraction of bulk 
cannot be ascribed to any other cause than the absorption of carbonic acid; for 
besides the fact, that the colour of syrup of violets and of turmeric, which I also 
tried, were not affected by exposure to the electrified gas, I have this objection to 
the absorbed gas being ammonia, that no diminution, either of bulk or trans- 
parency, occurred on the admixture of muriatic acid gas with the electrified- air; 
whereas ammonia would have been exhibited under the form of a neutral salt. 
When water was passed up to this mixture of the 2 gases, there was an absorption, 
not only of the muriatic gas, but of something more. 

Conceiving that the demolition of charcoal, by the action of the electric fluid, 
was sufficiently proved by his experiments. Dr. Austin assigns the evolved hydrogen 
as 1 of its constituents, and the other he concludes to be azote. This inference 
however rests almost entirely on estimates, in which material errors may be dis- 
covered. Some of these it may be well to point out, for the satisfaction of such 
as have acquiesced in Dr. Austin's opinion. The carbonated hydrogenous gas sub- 
mitted to Dr. Austin’s experiments clearly appears, from his own account, to have 
been largely adulterated with azotic gas. One source , of its impurity he has dis- 
closed, by informing us that the gas “ had been very long exposed to water*;” for 
Dr. Higgins has somewhere shown that the heavy inflammable air, after standing 
long over water, leaves a larger residue of azote, on combustion, than when re- 
cently prepared "I*. It is probable also, that the proportion of azote derived from 
the water, would increase with the time of its exposure; and thus a fertile source 
of error is suggested, which appears wholly to have escaped Dr. Austin’s attention- 
In repeating his experiments, I was careful that comparative ones, on 2 equal 
quantities of the electrified and unelectrified gas, should be made, without the in- 
tervention of any time that could vary, the proportion of azote in either of the 
gases. 

To the gth experiment, in which the quantity of azote seems to have been in- 
creased by electrization, I must repeat the objection, that a sufficiency of oxygenous., 
gas was not used in the combustion. In the 8th experiment, 2.83 of the unelec- 
trified air were fired with 4.17 oxygenous gas, and only 0.15 of the latter remained 
above what was sufficient for saturation; but in the 9th, though the 2.83 measures 

* 80 Phil. Trans. 54. — (• Similar facta respecting the deterioration of other gases, by standing over 
water, may be. seen in Dr. Priestley’s Experiments on Air, vol. 1, p. 59, 158. I found that oxygenous 
gas, from oxygenated muriate of pot-ash, acquired, by exposure a few weeks to water, .125 its bulk of 
azotic gas, — Qrig. 
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were expanded t 6 5.1 6 , the quantity of oxygen employed was 0.08 less than in the 
former experiment; and it may therefore be presumed that a small quantity of in- 
flammable air might escape unaltered, and might add apparently to the product of 
azote. In the 8 th experiment also, the portion of oxygenous gas that was more 
than suflicieut to saturate the carbonated hydrogen, would probably combine, in 
part, with the remaining azote, asm the experiments of Dr. Higgins* and Dr. 
Priestley-f*. But in the Qth, the quantity of oxygenous gas was hardly sufficient 
to saturate both hinds of inflammable air after electrization, and could not there- 
fore diminish the azotic gas. When the proportion of oxygen is duly increased, 
and the inflammation of the electrified air is performed in small portions, there is 
no augmentation, but on the contrary a decrease of the quantity of the azote, as 
trill appear on comparing the 1st and 2d of the experiments which I have related. 

Two circumstances were observed, in the experiments of Dr. Austin,' which 
bave not been noticed in the preceding account of the repetition of them, viz. the 
appearance of a deposit from the carbonated hydrogenous gas during its electriza- 
tion, and the fprmation of ammonia by the, s$me process. In some experiments, 
which! made on. the first portion pf gas, both these facts were sufficiently apparent; 
but neither of them occurred on electrifying the gas which was afterwards procured. 
Suspecting that the cessation of them arose from the superior purity of the latter 
portion from azotic gas, I passed the electric shock through a mixture of carbona- 
ted hydrogen with about ± its bulk of azote, and thus again produced the pre- 
cipitate, which would have been of a white colour, if it bad not been obscured by 
minute globules of mercuty, that were driven upwards hy the force pf the ex- 
plosion. An infusion of violets was tinged green when admitted to the electrified 
gas; but the change of colour did not occur instantly, as happens from the absotp- 
tioa of ammoniapal gas; and required for its production that the liquid should be 
brought extensively into contact with the inner surface of the tube. From this 
effect on a blue vegetable colour, we may infer that the precipitate was an alkaline 
substance, and probably the carbonate of ammonia; but the quantity wai much 
too minute to be the subject of more decisive, experiment. 

I shall conclude this memoir, with a brief summary of the facts that are esta- 
blished by the preceding experiments^;. Those included under the first head are de- 
ducible from the experiments of Dr. Austin. 1 . Carbonated hydrogenous gas, in 
Us ordinary state, is permanently dilated by the electric shock to more than twice 
its original volume; and as light inflammable air is the only substance we are ac- 
quainted with, that is capable of occasioning so great an expansion, and of ex- 
hibiting the phenomena that appear on firing the electrified gas with oxygen, we 
may ascribe the dilatation to the production of hydrogenous gas. 2. The hydro- 

* Experiments and Observation* on acetone Add, k&. p. 295.*- f 79 Phil. Trans. 7.—-I Sipce, this 
paper was written I bave extended, the inquiry to phosphorated hydrogenous gas,, which expands fqually 
with the carbonated hydrogen ; loses its property of ’inflaming when brought into contact with oxygenous 
gas ; and affords evident traces of a production of phosphorous or phosphoric acid. — Orig. 
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genous gas evolved by this process does not arise from the decomposition of char- 
coal ; because the same quantity of that substance is contained in the gas after, as 
before electrization. 3. The hydrogenous gas proceeds from decomposed water; 
because when this fluid is abstracted as far as possible from the carbonated hydro- 
genous gas, before submitting it to the action of electricity, the dilatation cannot 
be extended beyond .j. its usual amount. 4. The decomponent of the water is not 
a metallic substance; because carbonated hydrogenous gas is expanded when iri 
contact only with a glass tube and gold, a metal which has no power of separating 
water into its formative principles. S. The oxygen of the water (when the electric 
fluid is passed through carbonated hydrogenous gas, that holds this substance in 
solution,) combines with the carbon, and forms carbonic acid. This production 
of carbonic acid therefore adds to the dilatation occasioned by the evolution of hy- 
drogenous gas. 6. There is not, by the action of the electric matter on carbo- 
nated hydrogenous gas, any generation of azotic gas. 7. Carbon it appears there- 
fore, from the united evidence of these facts, is still to be considered as an 
elementary body; that is, as a body with the composition of which we are unac- 
quainted, but which may nevertheless yield to. the labours of some future and more 
successful analyst. 

XIX. Observations and Experiments on the Colour of Blood. By Wm. C. JVells y 

M.D., F.R.S. p. 416. 

Dr. Priestley is, I believe, the only person who has hitherto attempted to show 
by' what means common air brightens the colour of blood, which has been for some 
time exposed to it*. His opinion is, that the air produces this effect by depriving 
the blood of its phlogiston; for blood, according to the same author, is wonder- 
fully fitted both to imbibe and to part with phlogiston, becoming black when 
charged with that principle, but highly florid when freed from it. Various argu- 
ments may be brought to prove that this opinion is erroneous, even on the ad- 
mission of such a principle of bodies as phlogiston. It may be said, for instance,, 
that it is contrary to the laws of chemical affinity, that the same mass should at 
one time convert pure into phlogisticated air, by giving out its phlogiston, and im- 
mediately after reconvert phlogisticated into pure air, by imbibing that principle;, 
both which changes are supposed by Dr. Priestley to be induced by blood, on those 
airs. Again ; it may be urged, that since the neutral salts, and the different al- 
kalies, when saturated with fixed air, produce the same effect as common air on the 
colour of blood, if common air acts by attracting phlogiston, those other bodies 
must have a similar operation. But surely it cannot be thought, that* the mild vo- 
latile alkali, which has been supposed by chemists to superabound with phlogiston, 
ean yet attract it from blood. It appears to me however, unnecessary to bring any 
further arguments of this kind against the opinion of Dr. Priestley, since the fol- 
lowing experiments will, I expect, be thought sufficient to show, in opposition to- 

* Phil. Tram, for 1776. — Orig. 


Digitized by t^ooQle 



VOL. LXXXVII.] PHILOSOPHICAL TRANSACTIONS. 229 

what is taken for granted by him in the whole of his inquiry, that the alteration in* 
duced on the colour of blood,, both by common air and the neutral salts, is alto- 
gether independent of any change effected by them on its colouring matter. 

I infused a piece of black crattatnentum of blood in distiHed water, and immer 
diately after corned the containing vessel closely, to prevent the .access of air. 
Having obtained by this means a transparent solution of the red ihatter of bloqd, 
nearly free from serum and coagulable lymph, I exposed a quantity of it to the 
open air in a shallow vessel, and. poured an /equal quantity into ‘a small phi&L, which 
was then well closed. When- the : 1st portion of the solution bad been exposed to 
the air for several hours, I decanted it into a phial, of the same size and shape as 
that which contained the 2d portion, and having added to it os much distilled 
water as was sufficient to compensate the lossithadsoffered by. evaporation* I.npw 
compared the 2 together, and found theta to be exactly of the same onlour, with 
regard both to kind and degree, i I afterwards poured 2 other . equal quantities of 
the red solution into.® phials of the same size and shape. To l I added a little of 
* solution of nitre in water, and to the other as much distilled) water. On cam- 
paring the 2 mixtures together, I found that they also possessed precisely the same 
colour. Lastly, I cut a quantity of dark, crafisaanetitam 1 of blood iqta thin slices, and 
exposed them to Common air. . When theybecarae florid, I put. them, into a phial 
containing distilled water. I then took as much, of the same crastementum, vyhich 
was still black, sod infused it in an equal quantity of distilled totes, contained hva 
phial similar in size and Shape; to the- formes.; The 2 solutions which were thus 
obtained, l from florid blood, the other from bhtek blood, were notwithstanding of 
precisely the same' colour. These experiments <frere frequently repeated, and were 
attended with the same results, as often as I used certain precautions, which shall 
be mentioned hereafter, as the reasons for them will then be more readily under- 
stood than they can be at present. Assuming therefore as proved, that neither 
common air, nor the neutral salts (for all those I have tried are similar to nitre m 
this respect) change the colour of the red matter of blood ; I shall now attempt to . 
explain the manner : in which those substances give, notwithstanding, to black blood 
a florid appearance ; premising however some observations on the colours of bodies, 
in general. 

It was the opinion of Kepler *, that light is reflected without colour from the 
surfaces of bodies •, which he says is easily prdved, by exposing to the sun’s light a , 
number of cups filled with transparent liquors of different colours, and receiving 
the reflexions from- them on a white ground in a dark plaGe.. Zucchius, who was 
younger than Kepler, but for sometime his cotemporary, taught more explicitly -f*, 
that the colours of bodies depend, not on the fight which is reflected from their 
anterior surfaces, but on that portion of it which is received into their internal 
parts, and is thence sent back through those surfaces. The following are some 
of the experiments on which he founded this doctrine. He exposed small round 
* Paralipomena in Vitellienem, p. 23 et 436.—+ Optica Philo*, pan I, p. 278 et seq. — Orig, 
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pieces of transparent glass, tinged with various colours to the light of the sun, and 
received what was reflected from them on white papdr,.in a darkened part of his room. 
He then found, that each glass produced 2 luminous circles, which, when the paper 
was sufficiently remote, were entirely separate from each other ; and that the circle 
which proceeded front the upper Surface of the. glass was altogether without colour, 
while that which arose: from the upder surface, was of the same colour as the glass 
exh ibited, when held between the light hnd the eye. From these experiments 
Zuochwis alpO conduded, first, that every coloured body must be in some degree 
transparent, since a body absolutely impenetrable !to light, could only reflect the 
colours df other -bodies, but possess none of its oWn; and 2dly, that all bodies, 
which appear coloured whfen seen by reflected light, must be in Some measure opakej 
for a i the light which is reflected, from their surfaces comes untinged to the eye, if 
that part of it which penetrates tbfeir sobstarice were afterwards to proceed in k 
Without impediment,! rio colour could foe exhibited by them.* ' 

Whfen Sir Isabo Ndwton began his apcriments on light and colours, it Was ge- 
nerally believed, that feoloufs in opake bodies arisfe from some modification given to 
hght, by the surfaces which reflect it lit opporition to one part of this opinion, 
our great phltoedphfer maintained, that such bodies are seen colbured, from their 
acting differently dn the different ooJdrific rays, 6f which white light is composed; 
but having established this point beyond dispute, he stems to have admitted, with- 
bUt inquiry* that bokfors arfipVoduoed at the surfaces of the opfrke bodies to which 
n they bddng. For his experiments do not tiecfeksarily lead to such a conclusion; on 

the contrary-, they are hot mote consistent with it, than they are with the opinion 
of Kepler and Ikrcchius. This opfoion indeed be appears not to have known ; since 
v he has taken for granted; what ia contradicted by the experiments on which it is 

founded, that the tinging particles of transparent bodies reflect coldured light/f* 
The Very splehdbur of Sir Isaac Newton’s discoveries in optics, has probably 
done sonfe injury to this branfch of knowledge; for soon after they were made 
public, it became a comfnon opinion, that 'the subject of light and colours foul 
been exhausted by that great man-, and that no writer on it before him was now 
worthy of being read. The former part of this opinion has long been geneiially 
acknowledged to be unjust; but the latter part of it is still maintained by many, 

# The works of Zucchius seem veTy little known, though they contain a considerable number of ori- 
ginal experiments, and though it is probable that he was the inventor of the reflecting telescope. For 
he says (Pars 1, p. 126 ) it had occurred to him so early as t6l6, that the same effect which is produced 
by the convex object-glass of a telescope, might be obtained by reflexion from a concave tnkrer ; atari 
that, after many attempts to construct telescopes with suqh minors, which parted fruitless from imper- 
fections in their figure, be at length procured a conchve mirror very accurately wrought, by means of 
which, and a concave eye-glass, he was enabled to prove his theory to be just. He does not mention at 
what precise time he constructed this telescope: but his book was printed in 165/, 1 1 years before the 
publication of the Optica Promota* of James Gregory. I hive not met with any account of Zucchius, 
in Montuda’s or Priestley's histories; in the article t€ telescope,” in the French Encyclopedia; er in any 
Biographical dictionary which I have consulted.— f Optics> book 1, part 2, prop. 10. — Orig. 
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among whom may be placed the learned Mir. Ddaval. This gentleman has lately 
published, (in the Manchester Memoirs, vol. 2) a very elaborate treatise to prove, 
that the colours of opeke bodies do not. arise from the rays of light which they 
reflect from their anterior snrfaoes; but from that portion of it, which, having 
penetrated their anterior surfaces, is reflected by the opdke particles which are dif- 
fused through their substance. But had the learned author not believed, that no 
European writer on colours, before Sir Isaac Newton, contained any valuable infor- 
mation on that subject, he would probably have discovered, that both Kepler ami 
Zucchius had long ago maintained the very opinion which he now advances, and 
that they had built it on experiments similar to his own. The merit of the inven- 
tion of this theory belongs therefore to the great Kepler; but still much praise is 
due to Mr. Delaval, both for reviving and confirming it; since, though it be not 
free from defects in some of its parts, it affords solutions of several optical diffi- 
culties, which, as far as I know, admit of an explanation from no other source. 
Among these I regard the phenomenon which is the subject of the present inquiry. 

To show then, from the theory of Kepler, ZuecMus, and Delaval, how common 
air and the neutral salts may brighten the appearance of blood, without producing 
any change on its colouring matter, I shall first suppose that all its parts have the 
same reflective power. The consequence will be, that a mass sufficiently thick to 
suffocate the whole of the light which enters it, before it can proceed to the pos- 
terior surface, and be thence returned through the first surface, muqt appear black;, 
for the rays which are reflected from the first surface are without colour, and by 
hypothesis none can be reflected from its internal parts. In the next place, let 
there be dispersed through this black mass a small number of particles, differing • 
from it in reflective power, and it will immediately appear slightly coloured; for 
some of the rays, which have penetrated its surface, will be reflected by those par- 
ticles, and will come to the eye obscurely tinged with the colour, which is exhi- 
bited by a thin layer of blood, . when placed between us and the light. Increase 
now by degrees the number of these particles, and in the same proportion as they 
are multiplied, must the colour of the mass beoome both stronger and brighter. 

Having thus shown that a black mass may become highly coloured, merely by a 
considerable reflexion of light from its internal parts; if I should now be able to 
prove, that both common air and the neutral salts increase the -reflexion of light 
from the internal parts of blood, at the same time that they brighten it, great pro- 
gress would certainly be made in establishing the opinion, that the change of its 
appearance, which is occasioned by them, depends on that circumstance alone. 
But the following observations seem to place this point beyond doubt. I compared 
several pieces of crassamentum of blood, which had been reddened by means of 
common air and the neutral salts, with other pieces of the same crassamentum, 
which were still black, or nearly so; on which 1 found, that the reddened pieces 
manifestly reflected more light than the black. One proof of this was, that the 
minute parts of the former could be much more distinctly seen than those of the 



032 


. PHILOSOPHICAL TSANSACTIOHS. [aHHO <179/. 

latter. Now this increased reflection of light, in the reddened pieoes, could not 
arise from any change in the reflective power of their surfaces; for bodies reflect 
light from their surfaces in proportion to their density and inflammability; and nei- 
ther of those qualities, in the reddened pieces of crassamentnm, can be supposed 
to have been augmented t>y common air, or a solution of a neutral salt in water, 
. The increased reflexion must, consequently, have arisen from some change in their 
internal parts, by means of which much of the light which had formerly been suf- 
focated, was now sent back through their anterior surfaces, tinged with the colour 
of the medium through which it had passed. 

The precise nature of the change which is induced on blood by the neutral salts, 
is made manifest by the following experiment. I poured on a piece of printed card 
as much serum, rendered very turbid with red globules, as barely allowed the words 
to be legible through it. I next dropped on the card a little of a solution of nitre 
in water; when I observed, that wherever the solution came in contact with the 
turbid serum, a whitish cloud was immediately formed. The 2 fluids were then 
stirred together ; on which the mixture became so opake, that the printed letters on 
the card could no longer be seen. I have not hitherto been able to devise any ex- 
periment which shows the exact change induced by common air; but it is evident 
that air must also, ip some way, increase the opacity of blood, since it can by no 
other means increase the reflexion of light from the interior parts of that body. 

This theory explains another fact respecting the colour of blood, which might 
otherwise seem unaccountable. If a small quantity of a concentrated mineral acid 
be applied to a piece of dark crassamentum, the parts touched by it will for an in- 
stant appear florid; but the same acid, added to a solution of the red matter in 
water, do nothing more than destroy its colour. On examining the crassamentum, 
a reason for this difference of effect is discovered; for the spots, on which the acid 
was dropped, are found covered with whitish films. From which it seems evident, 
that the acid had occasioned an increase of opacity in the crassamentum, more 
quickly than it had destroyed its colour; and that the red matter, from having been 
in consequence seen by a greater quantity of light, had in that short interval ap- 
peared more florid than formerly. 

The change which, I think I have proved to take place in blood, when its colour 
is brightened by common air and the neutral salts, is similar to that which occurs 
to cinnabar in the making of Vermillion. This pigment, it is known, is formed 
from cinnabar, merely by subjecting it to a minute mechanical division. But the 
effect of this division is, to interpose among its particles, an infinite number of 
molecules of air, which, now acting as opake matter, increase the reflection of 
light from the interior parts of the heap, and by this means occasion the whole dif- 
ference of appearance observed between those 2 6tates of the same chemical body. 

I expect however it will be said, in opposition to what I have advanced, that 
granting an increased reflection of light takes place from the interior parts of blood, 
in consequence of the app!ica£iop of common air and the neutral salts, still this i ft 
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not a sufficient cause for the production of the colour which they occasion; for the 
colour of .blood, after those substances have acted on it, is a scarlet, which, agree* 
ably to the observation of Dr. G. Fordyce, (Elements of the Practice of Physic, 
p. 13) differs not only in brightness, but also in kind, from the ordinary colour of 
that .fluid, which is a Modena red. 

My answer is, that there are examples, besides that to which the objection is 
made, of dark blood appearing florid, merely from its colouring matter being seen 
by means of an increased quantity of light. One is afforded by rubbing a piece of 
the darkest crassamentum with a proper quantity of serum; for a mixture is thus 
formed, in a few seconds, possessing a colour similar to that which is given to cras- 
samentum by common air. But here we certainly do nothing more than interpose, 
among the red globules, a number of the less dense particles of serum; which, in 
their present situation, act as opake matter, and consequently increase the internal 
reflections. A 2d example occurs, when we view, by transmitted light, the fine 
edges and angles of a piece of crassamentum in water; for, ini this situation, their 
colour appears to be a bright scarlet, though all the other parts: of the same mass 
are black. These facts seem sufficient to prove, that the immediate Cause I have 
assigned for the production of the florid appearance in blood, which has been ex- 
posed to the action of common air and neutral salts, is adequate to the effect; but 
1 shall advance a step farther, and show how. the Modena red is converted into a 
scarlet. Blood, as I have found by experiment, is one of those fluids which Sir 
Isaac Newton has observed appear yellow, if viewed in very thin masses; book ], 
part 2, prop. to. When therefore a number of opake par tides are formed in it, 
by the action of common air and the neutral salts, many of them must be situated 
immediately beneath the surface. The light reflected by these will consequently be 
yellow; and the whole effect of the newly-formed opake particles, on the appearance 
of the mass, will be the same, as if yellow had been added to its former colour, a 
Modena red. But Modena red and yellow are the colours which compose scarlet; 
Fordyoe’s Elements of the Practice of Physic, p. 14. 

I shall now relate the cautions to be observed in making the experiments, which 
are described in the beginning of this paper. The first is, that the blood should be 
ne^Jjr^drawn, and the weather cool. For as the solution of the red matter is not 
^ be fmtred, but must become transparent by the gradual subsiding of whatever 
may render it turbid, if the blood be old, or the weather warm, it will often assume, 
before it be-clear, a dark and purplish hue. . When exposed in this state to the at- 
mosphere in a broad and shallow vessel, its. colour changes to a bright red, which 
however is not brighter than the proper colour of the solution. The dark purplish 
hue seems owing to some modification of sulphur; for the solution possessing it 
smells like hepatic air,* particularly when agitated, and tarnishes silver held over it. 
Neutral salts produce no change on this colour. 

The 2d caution is, that the neutral salts be not added to the red solution, except 
when perfectly transparent; for if it be nct.so, the salt# will render it more turbid, 
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and the mixture will appear brighter, if seen by reflected light. The last I shall 
note is, that the red solution ought to be poured gently from the vessel in which it 
jias been made. If it be not, as it is a mucilaginous liquor, it is apt to entangle 
small particles of air, which by acting as opake matter, will for some time alter the 
appearance of the solution. 

I proceed next to offer a few observations on the cause of the red colour of blood. 
It has of late been very generally supposed, that blood derives its colour from iron. 
A& far as I know however, no other argument has been given in support of this 
opinion, than that the red matter is found to contain that metal. But there is 
certainly no necessary connection between redness and iron; since this metal exists 
in many bodies of other colours, and even in various parts of animals without 00 - 
lour, as bones and wool. More direct reasons however may be given for rejecting 
this opinion. 1 . I know of no colour, arising from a metal, which can be perma- 
nently destroyed by exposing its subject, in a close vessel, to a heat less than that 
of boillRg water. But this happens with respect to the colour of blood. 2. If 
the colour from a metal, in any substance, be destroyed by an alkali, it may be 
restored by the immediate addition of an acid; and the like will happen from the 
addition of a proper quantity of alkali, if the colour has been destroyed by an acid. 
The colour of blood, on the contrary, when once destroyed, either by an acid or 
an alkali, can never be brought back. 3. If iron be the cause of the red colour of 
blood, it must exist there in a saline state, since the red matter is soluble in water. 
The substances therefore, which detect almost the smallest quantity of iron in such 
a state, ought likewise to demonstrate its presence in blood; but on adding Prussian 
alkali, and an infusion of galls, to a very saturate solution of the red matter, I 
could not observe, in the former case, the slightest blue precipitate, or in the latter, 
that the mixture had acquired the least blue or purple tint. 

On the whole it appears to me, that blood derives its colour from the peculiar 
organisation of the animal matter of one of its parts; for whenever this is destroyed, 
the colour disappears, and can never be made to return ; which would not I think 
be the case, if it depended on the presence of any foreign substance whatever. I 
shall conclude this paper with relating several miscellaneous facts respecting the co- 
lour of blood, and some conclusions which may be formed from them. 

Dr. Priestley has mentioned, (Phil. Trans., 1776 , p. 246) that the only animal 
fluid, besides serum, which he found to transmit the influence of common air to? 
blood, was milk. But I have observed, that the white of an egg possesses the same 
property, notwithstanding its great tenacity. Now as serum contains an animat 
substance very similar to the white of eggs, it occurred to me as a question, whe- 
ther, in transmitting the influence of air to Mood, it acts by its salts only, or partly 
by means of the substance of which I have just spoken. I took therefore a quan- 
tity of urine, which is known to contain nearly the same salts as serum, and hav- 
ing added to it as much distilled water as rendered its taste of the same pungency as 
that of serum, I poured the mixture on & piece of dark crassamentum of blood* 
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1 then pot to another piece of the same crassamentum an equal quantity of serum, 
and exposed both parcels to the atmosphere. The result was, that the blood in the 
diluted urine did not become nearly so florid as that in the serum. I have found 
ako, that a solution of sugar in water conveys the influence of air to blood; from 
which it seems probable, that milk owes its similar property to the saccharine matter 
which it contains. Black blood exposed to the atmosphere under mucilage of gum 
arabic, does not become florid. 

It has been said, (Fordyce’s Elements of the Practice of Physic, p. 14), that 
, neither serum, nor solutions of the neutral salts, dissolve the red matter of blood. 
But this induction has been made from too small a number of experiments. For 
saturate solutions of all the neutral salts, which I have tried, will extract, though 
slowly, red tinctures from blood, some of which are very deep; and neither they, 
nor serum, added in any proportion to a solution of the red matter in water, alter 
its colour or transparency, except by diluting it. The following experiments how* 
ever, will place this point in a clearer light. 

I added 1 dr. of distilled water to 1 oz. of serum, and poured the mixture on a 
small piece of crassamentum. On an equal piece of crassamentum I poured 1 dr. 
of water, and after some time added 1 oz. of serum. Each parcel therefore con* 
tained the same quantity of craftsamentum, serum, and water; but the crassamentum 
on which the mixture of serum and water had been poured, communicated no tinge 
to it; while the other piece, to which water had been first applied, and afterwards 
serum, gave a deep colour to the fluid above it. I made similar experiments with 
crassamentum, water, and a dilute solution of a neutral salt, which were attended 
with the same results. 

Since then neither serum, nor a dilute solution of a neutral salt, will extract cc* 
lour from blood, (hough they are both capable of dissolving the red matter, when 
separated by water from the other parts of the mass, it follows, in my opinion, that 
what are called the red globules consist of 2 parts, one within the other, and that 
the outer, being insoluble in serum or dilute solutions of neutral salts, defends the 
inner from the action of those fluids. It is remarkable, that microscopical obser- 
vations led Mr. Hewson to the same conclusion, viz. that the red globules consist 
of 2 parts, (Hewson’s works, vol. 3, p. 17) which, according to him, are an exte* 
rior vesicle, and an interior solid sphere. But the same writer, on the authority of 
other microscopic experiments, asserts that th$ vesicles are red. If they be so, 
there must exist 2 red matters in the blood, possessing different chemical properties; 
which is certainly far from being probable. The exterior part of the globule appears 
to be that ingredient of the blood on which common air and the neutral salts pro- 
duce their immediate effect, when they render the whole mass florid; for I have 
shown that they do not act on the red matter itself, and I have not found that they 
occasion any change in coagulated lymph or serum. The only matter then which 
remains to be operated on, is that which I have mentioned. It seems evident also, 
from what has been just stated, that there exists an animal matter in the blood, 
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different from the coagulable lymph, the coagulable part of the serum, the putres- 
cent mucilage, and the red' particles, which I believe are all the kinds it has hitherto 
been supposed te contain. 

The microscopical observations of Mr. Hewson appear likewise to furnish a rea- 
son, why both water, and a saturate solution of a neutral salt, can extract colour 
from the red globules, though a mixture of those fluids be incapable of the same 
effect. For water applied to the red globules, separates the exterior vesicles from 
the red particles, which are therefore now open to the action of any solvent.* The 
addition however of a small quantity of a neutral salt , to the water, enables the 
vesicles to preserve their shape, and to retain the inner spherules.^ On the addi- 
tion of a greater quantity of salt, the vesicles contract, and apply themselves closely 
to the red particles within. :£ Thus far Mr. Hewson’s observations extend. Let 
it now be supposed that the vesicles contract still more, from a further addition 
of salt to the water; the consequence must be, that as the internal particles are in- 
compressible, the sides of the vesicles will be rent, and their contents exposed to, 
the action of the surrounding fluid. Both water and a strong solution of a 
neutral salt may therefore destroy the organization of the vesicles, though in differ- 
ent ways, and thus agree in bringing the red matter in contact with a solvent ; 
while a mixture of those 2 fluids, namely, a dilute solution of a neutral salt, will, 
by hardening the vesicles, increase the defence of the red matter against the 
action of such substances as are capable of dissolving it. But all reasoning founded 
on experiments with microscopes ought perhaps to be regarded as, in . great measure, 
conjectural. 

XX. An Account of the Trigonometrical Survey, carried on in 1 795, 1790, by 
Order of the Marquis Cornwallis, Master General of the Ordnance. By Col. 
Edw. Williams , Capt. Wm. Mudge, and Mr. Isaac Dolby. Communicated by 
the Duke of Richmond, F. R. S. p. 432. 

According to the resolution expressed in the account of the trigonometrical 
survey, printed in the Phil. Trans, for the year 1795, we now communicate to the 
public, through. the same channel, a further account of its progress. On referring 
to the above paper, it will be found that, for the prosecution of this undertaking, a 
design was formed of proceeding to the westward, with a series of triangles, for the 
survey of the coast. This intention has been carried into effect ; and as the small 
theodolite, or circular instrument, announced in our former communication as then 
in the hands of Mr. Ramsden, was finished early in the summer of 1 79 5 , we are 
enabled to give a series of triangles extending, in conjunction with those before 
given, from the Isle of Thanet, in Kent, to the Land’s End. In the composition 
of the following account, we have adhered to the plan adopted in the last, of giving 
the angles of the great triangles, with their variations ; and we have, with as much 

* Hewson’s Works, vol. iii. p. 17 .— ■ f Ibid. p. 40. { Ibid. p. 31.— Orig. 
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brevity as possible, inserted a narrative of each year’s operations. This will be 
found however to extend only to the 1st part, or that containing the particulars of 
the survey in which the great instrument alone was used. The remaining contents 
of this portion of the work, are necessarily confined to the angled of the principal 
and secondary triangles, with the calculations of their sides, in feet ; and likewise 
such data as have no connection with the computations of latitudes and longitudes. 

The 2d part contains an account of a survey carried on in Kent, in the years. 
1793 and 1796, with the small instrument* for completing a map of the eastern, 
and southern parts of that county, for the use of the Board of Ordnance, and the 
military commanders on the coast. In the 1st part will be found an article, for 
which we are indebted to Dr. Maskelyne, the Astronomer Royal. It contains his 
demonstration of M. de Lambre’s formula, in the Connoissance des Temps of 1793, 
for redtfcing a distance on the sphere to any great circle near it, or the contrary. 
The practical rule thence derived, for reducing the angles in the plane of the hori-. 
zon, to those formed by the chords, is very useful, and will considerably abridge 
the trouble which must necessarily arise in computing the chord corrections by any- 
former method. 

Some angles are next registered as taken at the best stations in Devonshire* and 
other points in the west of England, in the year 1795* The survey then extends 
farther westwards in the next year 1796. It inhere observed that, to make obser- 
vations for the purpose of hereafter determining the longitude and latitude of the 
Lizard, was a principal object in this year’s operations ; and as this headland seems 
to offer itself as very convenient for a station, it will be right to assign the reasons 
for not having chosen one upon it. 

As no other spot but Hensbarrow Beacon could be found in that part of Corn- 
wall proper for a station, it became necessary to fix on the Deadman, or Dodman, 
for another point in the series. From this place no part of the land within 4 miles, 
of the Lizard can* be seen, as the high ground about Black Head, which is to the 
. eastward of the latter, is nearly in a line between them, and is also much higher 
than both. It will be perceived however, that no evil can result from the want of 
such a station, as the light-houses and the naval signal-staff at the Lizard, have 
been intersected from several stations. The precise spot on which Mr. Bradley 
made his observations in the year 1769, for ascertaining the longitude and latitude 
of this headland, was pointed out by the person having the care of the light-houses, 
who well remembered the common particulars relating to his operations : such 
measurements were made from the light-houses to this spot, as may enable us, at 
a future period, to compare the results from the data afforded by the trigonometri- 
cal operation, with those deduced'from the astronomical observations made by the 
above gentleman. It may be also mentioned, that angles were at the same time 
taken at the western light-house and signal-staff^ for the purpose of finding the. 
situation of the lizard Point.. 


Digitized by 


Google 



238 


PHILOSOPHICAL * RANSACTIOHS. 


[anno 1797. 

We are now to speak of the most important business performed this year; that 
of making observations to determine tile distance of the Scilly Isles from the Land’s 
End. To do this as accurately as possible, it became necessary to find stations 
affording the longest base. The hill near Rosemergy, called the Watch, and the 
station near St. Buryan, are certainly the most advantageous places, because all the 
islands can be seen from both ; but we could not avail ourselves of the former, as 
difficulties almost insuperable would haye attended an attempt to get the instrument 
upon it. Another station was therefore selected, on Karnminnis, near St. Ives ; a 
spot as well situated as the place spoken of, provided all the islands could be seen t 
this however does not prove to be the case, St. Martin’s Day-Mark being the only 
object in the Scilly Islands visible from Karnminnis. 

From the stations near the Land’s End, Sennen, and Pertinney, as well as that 
above-mentioned, St. Buryan, St. Agnes’ Light-house, and 2 objects in St. Mary’s, 
were observed ; and as the means by which all their distances are determined, ex- 
cept those of the Day-Mark, from the shortness of the bases, though the longest 
that could be found, are exceptionable, while we were engaged in that part of the 
operation now spoken of, the air was so unusually clear, that we could sometimes, 
with the telesoope of the great theodolite, discover the soldiers at exercise in St« 
Mary’s island. In the present and former seasons, such stations were selected and 
observed, as were judged to be proper for the future use of the small instrument 1 
and as we had experienced, in the early stage of this survey, much delay and dis- 
appointment from .the white lights not being always seen when fired on distant 
stations, we have since substituted lamps and staffs in their stead. The operations 
of the present year were continued till October, when the party returned to 
London. 

A list is here given of the angles observed in this quarter in the year 1 796. After 
which is set down the demonstration of M. de Lauibre’s Formula in the Con- 
noissance des Temps of 1793, for reducing a distance on the sphere to arty great 
circle near it, or the contrary ; by Nevil Maskelyne, p. n. f. a. s. and Astronomer 
Royal. ' 

Put A * angle subtended by 2 terrestrial objects ; a = the same reduced to the 
horizon ; h, A the 2 apparent altitudes t if either is a depression, it must be taken 
negative. By spherics, c, a = c, a . e, h . c, A + s, ■ . s, A. 

Put a =t a -4 da, where da signifies a — a, and not their differential. 

By trigonometry c, a =s c, a ,c,da — s,a .s, da ss c, a X (l — vs, da) — s,.a . s, 
da = c, a — c, a X 2s' 2 , \ da — s, a . s, da (by theorem above) = c, a . c, h . c, A 
4 - s, h . s, h v s, da -4 2 s 2 , 4 da . a as ’t, a «* 't, a . c, H . c, A — s, h . s, A X 
cosec. a = t’, a — 't, a X (4®> (h — A) + 4 c, (h + A) — cosec. a X (-fc, (h — -A) 
— — 4 c, (h 4 ^)) because tf, a j — 4 t, 4 ® “ 44 t® » and cosec. a — 4 ^ 4 ® 4 44 lo) 
— ( 4 I® “ 44 4®) X (l ** 4 *■> (* ~ A) — 4 c, (h 4 A)) ■- (4 44® "4" 44 4*0 
x (44 (H — A) — 44 (h + A» = 4'*, 4a x (l — c, (h — A)) — 44 4* X 
(l — c, (h *4 A)) — 4 4 4® X vs, (h " A) — 4<, 4 ® X vs, (h -4 A) s t, 4 a • <*, 4 
(h ~ ~ A) — 4 4 a » s 2 , 4(#4 A). 
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Put » = 't, 44 . s *, 4 . (h «— A) — /, 4« 4®, 4 . (h + A). 

We shall have 
4, da + 24*, 4<to . % a ss « ; 
and &, da — n — 24 s , -fda . <*• 

But s, da = 2s, 4 da . c, \da ; 

m j t,da * — 2#*, \da . 't, a 

.'.4,44a — 2c ^ — 2c , jrfa ’ 

and 3, da = n — 24*,4da . f, a = » — 2*V« 2 * f ' * ,a )V 

V-panse / ■"«**»>*•<* )« - n-4«.<M*.f,-l-»Mde.2»,a 
Decau8e ' *c,Jda ' 4x(l-s*,jdo) 

=3^-4- * — n . s 3 , 4<fd « 4 , 4<&z . a 

•f 4% 4da . V, a = n — 4« a • a — 4»* • % a . 4*, 4-da 
+ 2n . 'I®, a . 4 s , -fda + 2n / <*, a 4 da — 2V, a . 4 4 + 4da, , 

by substituting for 4, 4 da its near value n, 

— n — 4nV, a — + 4n 8 /*, a + 4 »*"<*, a — inV, a, 

where the last term but one containing the 5th power of n may be rejected, as it 

has been omitted by M. de Lambre. 

As da is always very small, the arc da in parts of the radius, unity, = 4, da in 
parts of the same radius, therefore 4, l " : 1':: 4, da (in parts of radius unity) : — - 1 -— 

j« j» * 

X 4 , da = da in seconds, = j-p- X (n — 24*, ida . a) = — x (n — da . 4, 
. . . 1" X * 1" x da. «, ida.'t,a . e . I" * . / 

4 da . a) = — p ^ ; v if we put n = j-p X ^ 4<* -*,4 (h- A) 


— 4,4a . 4*, 4 (h ■+■ A), and da ss a number of seconds, we shall have da ss n — da . 
4, 4 da . '*,a ; and, for the most part, without any sensible, error, da ss n — n » 
^ +* • % •* 

* Table 1 contains and 1 Y 5 &io~ ’ 2 contain® 1000G X j *,4 (h 4! A). 

Table 3 contains the term — n . 4, 4n . a. The argument on the side is a, and 
that on the top is n or the result found by the help of the first 2 tables. If this 
correction should be considerable, with the value of da, found after this correction 
has been applied, enter table 3, again at the top, and with a on the side as before; 
the number now found subtracted from n will give the correct value of da. 

By the investigation, da =-4'^ 4a . vs (h h) — 4/, ±a . vs, (« + A) — vs, da. * ta , 
where the upper or lower signs are to be used, according as the objects are on the 
same, or on contrary sides of the great circle ta which they are referred ; the 3d 
term will be negative or positive, according as a is less or more than 90°.*f* If da 
should come out negative, a will be less than a, or a greater than a. In the case 


* It does not appear what tablet are here meant. 

+ Compote- the two, which will give the- approximate wine of da, and make nae of them in com- 
puting the 3d tenn; and join the 3 terms together according to their signs, which will give da still 
nearer; and,, if. thinshonld prove considerable, compote the. 3d term a 2d ting, with the new value of 
od.—Orig. 
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ot redaclng a spheric angle to the angle between the chords, the spheric angle will 
be represented by a, and the angle between the chords by a = a + da; and da = 
±'t, . vs, (h ^ A) — \t, 4a . vs, (h + h) — vs, da . 't, a (if n ,d. represent the arcs 

to the chords) = \'t,±a . vs, 4 (n - d) — 4/, 4a . ««,4 (d -f d) — vs, da .% a; 
a = a — (4/, 4a . vs, 4 (n + d) — 4 % 4a . w4 (n d) — vs, da . 't, a ; where the 
last term will change its sign to affirmative, if a is greater than 9O 0 . If the answer 
is required in seconds, the correction must be multiplied by 206265, the number 
of seconds in an arc = radius. The calculation will be easily made by logarithms. 

Practical rule . — Thfe practical rule deduced from the above conclusions is the fol- 
lowing, and given in the words of the Astronomer Royal. “ To the constant lo- 
garithm 5.0134 add l’ t,\a and l . vs (n + d ;) the sum diminished by 20 in the 
index is the logarithm of the first part of the value of da in seconds, which is always 
negative. To the constant logarithm 5>0184 add L . f, 4a, and l . vs, 4 (n - d), 
the sum diminished by 20 in the index, is the logarithm of the 2d part in seconds, 
which is always affirmative. These 2 joined together, according to their proper 
signs, will give the approximate value of da. To its logarithmic versed sine, add 
l . t', a and constant logarithm 5.0134, the sum, diminished by 20 in the index, 
will be the logarithm of the 3d part in seconds, which will be negative or'affirma- 
tivte, according as a is less or more than 9O 0 . This applied according to its sign, to 
the approximate value of da, wiH give the correct value of da. If the 3d part comes 
qut #>nsiderqble, it should be computed anew with the last value of da. The value 
of da, finally corrected, applied to a, will give a, the angle between the chords.” 

' In the application of the above rule, to the computation of such corrections as 
rtiaybe applied to the angles of any triangles in this survey, it is manifest that the 
last-step may be entirely neglected, on account of the smallness of the approximate 
value of da, whose versed sine is one of the arguments. Being therefore confined 
to the use of the first 2 steps, the operation is very short. An example is here 
given in the computation of the correction for reducing the angle at Chancton- 
bury Ring in the 39th triangle, given in the last account, to that formed by the 
chords. 

EXAMPLE. 

Constant logarithm 5.0134 5.0134 

Log. tang. = 78° 56' 10.7112 Log. co. tang. 9.2887 

Log.ru . i (H + A) ss 53 ". 5 .. 5.2237 Log. w. J (H — A) = 5' 53\5 4.1669 

0.9433 + .8".88 -2.4690 + <r.03 

1st correction — 8.88 
2d correction + 0.03 

— 8.85 the correction required. 

After this follows a calculation of the sides of the great triangles, carried on frpm 
the termination of the series, published in the Philos. Trans, of 1798, along, the 
coasts of Dorset, Devon, and Cornwall, to the Land’s End ; not necessary to be 
here inserted. Then follows a series of observations of the angular elevations and 
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Repressions of the several stations, above and below each other, taken in minutes 
and seconds ; from which is derived the following table of. terrestrial refractions. 


Between 

Maker and Kit Hill 

Butterton and Kit Hill 

Bindown and Lansallos 

Nine Barrow Down and Black Down .. 

Maker and Lansallos 

Maker and the Bolt Head . . . . * 

Carraton Hill and Bindown, 

Kambonellis and St. Bury an 

Maker and Bindown 

Hensbarrow and the Deadman 

St. Agnes' Beacon and the Deadman .... 
St. Agnes* Beacon and Kamminnis ..... 

Dumpdon and Cawsand Beacon 

Haldon and Cawsand Beacon 

Kit Hill and Bindown 

Carraton Hill and Hensbarrow 

Lansallos and the Deadman ^ 

Hensbarrow and Su Agnes* Beacon .... 

Kambonellis and Kamminnis 

Furland and Haldon 

Butterton and Maker 

Butterton and Carraton Hill 


OfStCMh 

tnaWirc. 

* 

* 

- * 

Vr 

Vw 

V® 

Vr 

Vr 

V* 

Vf 

Vi 

Vt 

V* 

V, 

Vi 

Vt 

V.* 

Vt 

* 

A 


Between 

Maker and Canaton Hill 

Kambonellis and the Deadman 

Kambonellis and St. Agnes' Beacon . . . 

Ka mminnis and St. Buryan 

Hensbarrow and. Bodmin Down 

Lansallos and Bodmin 

Butterton and the Bolt Head 

Haldon and Charton Common 

Rippln Tor and Cawsand Beacon 

Black Down and Bull Barrow ........ 

Black Down and Pilsden Hill 

Black Down and Charton Common . . . 

lansallos and Hensbarrow 

Rippin Tor and Haldon 

Butterton and Furland 

Butterton and Rippin Tor 

Kit Hill and Carraton 

Pilsden Hill and Charton Common .... 

Wingreen and Bull Barrow 

lansallos and Carraton Hill 

Haldon and the Horizon of the Sea . . . 
Pilsden Hill and the Horizon of the Sea 


Vt 

* 

V* 

Vr 

* 

* 

Vr 

Vy 

Vt 

Vr 

Vr 

Vt 

Vr 

Vr 

Vr 

Vr 

Vt 

Vt 

Vr 

it 

Vr 

Vr 


The mean refractions were found by the following rules. 1 . Reduce the eleva> 
tions, or depressions, to the place of the axis of the telescope at each station, by 
adding or subtracting, as the case may require, the angle at the place of observation, 
subtended by the vertical height between the object, whose elevation or depression 
was observed, and the axis of the telescope when at that station.* 31 Then, if 
bo tli are Repressions, subtract their sum from the contained arc, and half the re- 
mainder is the mean refraction. 3. If one is a depression and the other an eleva- 
tion, take their difference. Then, if the depression is greater than the elevation, 
subtract the difference from the contained arc, and half the remainder is the mean 
refraction. But if the elevation is greatest, add the difference to the contained arc, 
and half the sum is the mean refraction. 


Next follows a table containing the heights of the stations, viz. 


Heights. 

Stations. FM. 

Black Down 817 

Charton Common 582 

Little Haldon... 818 

ftippin Tot 1549 

Furland 589 

Butterton 1203 

Maker Heights 402 

Bull Barrow 927 

Mintern Hill 89I 

Pilsden Hill 934 

Dumpdon 879 

Cawsand Beacon 1792 


Stations. 

Bolt Head 

Kit Hill 

Bindown 

Carraton Hill ...; 

Lansallos 

Bodmin Down 

Hensbarrow Beacon 

The Deadman 

St. Agnes* Beacon 

Kambonellis 

Kamminnis 

SuBuiyan 


Heights. 

Feet." 

430 
1067 
653 
1208 
514 
6 49 
1025 
379 
599 
822 
805 
415 


# For example. At the station on Hensbarrow, the ground at Bodmin Down was d e pr ess e d 31' 27" : 
the distance of those stations is 47337 feet ; and the axis of the telescope was 5$ feet above the ground ; 
VOL. XVIII. I I 
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"A 

After these occurs a long series of the secondary triangles* In which 2 angles only 
' have been observed ; unnecessary to be reprinted. Then follow triangles fc* ascar- 

taming the distances of the Eddystone Light-house, from the Flagstaff of Plymouth 
garrison, and the Rame-head. The ball on the lantern of the light-house was ob- 
served from the stations on Butterton, Kit Hill, and CarratOn Hill ; and as much 
uncertainty has heretofore existed, with respect to a knowledge of its true distance 
from any point in the neighbourhood of Plymouth, Observations were made on 
t various arcs of the circle of the instrument, at the first 2 stations. Whence, it re- 

sults that, with the distance of the Eddystone Light-house from Kit Hill, ?.nd also 
1 that of the Flagstaff in Plymouth garrison from the same station, we find the dfe- 

) tahce from the -Light-house to the Flagstaff — 7306l feet;* the observed angle 

being 29 ° 42' 34" : and, computing with the data obtained from the last triangle, 
and the 223d, with the observed angle at Cartaton Hill — 10°22'T", we get 49435 
feet for the distance of the Eddystone Light-house from the building on Rame- 
head. It may be proper to observe, that the Eddystone Light-house is nearer to 
the Rame-head than to any Other point on the coast. Next follow triangles for 
ascertaining the situations of the Lizard Light-houses ; and the Lizard Pbint. 
Henoc h inferred, that the distance from Kambonellis to Pertinney 101474 feet. 

From the last -2 triangles we obtain 79^40 feet for the mean distance between the 
Lizard Signal-staff and the station on Kambonellis. Computing with this distance, 

1 and alto that from the Western Light-house to the same station, with the observed 

angle 0° 31'. 8", we get 1857 feet for the distance between those objects. 

For the- purpose of ascertaining the situation of the Lizard point. 2 angles in the 
.following triangle were observed with a sextant, viz. 


Naval Signal-staff ....... ; 77 ° 4' 

Western Light-house 60 50 

Lizard Point 


These, with the computed distance from the Signal-staff to the Light-house, give 
the distance of the Lizard Point from the Signal-staff 24 1 9 , Light-house 2700 feet. 
Hence the distance of the point from the station on Kambonellis is 81085 feet, the 
angle at that station, between the Lizard Point and Western Light-house, being 
1 ° 53' 47". 

Then follow triangles for finding the distances of the Day-mark, St. Agnes’ 
Light-house, and other objects in the Scilly Isles, from particular stations in the 

therefore, ti 47337 ■ radiua : : 5$ feet : tang. 24" the angle subtended by 5.J feet at that distance* which, 
'takOn from 31' 27", give* 31' 3" for the depression of the place of the axis, instead of the ground. 
Again, at Bodmin Down, the ground at Hensbarrow was elevated 23' 57", to which adding 24", We 
•have 24' $1" for the elevation of the place of the axis. — Orig. 

* On referring to the late Mr. SmeeWs Narrative of tbe Building of the Eddystone Light-house, it 
wltt be found, that, from a trigonometrical process, founded on -two bases measured on She Hoe, atnang. 
ether deductions, be concluded the distance between the above objects was 7 3464 feet ; beiqg 403 
,gae tar than the distance found by the above computation . — Orig. 
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west o( Cornwall. Whence it is inferred* that the distance from the Day-Mark to 
Karnminnis, as obtained from the 309th triangle, is 190985 feet, and by the 3 lOtb> 
.100089 feet, which differs only 4 feet from the former; an4 by the 3 j Oth and 
31 lth triangles, the difference of the distances from the sapie object* to the station 
on Pertinoey, is 17 feet ; which, allowing for the shortness of the bases, must be 
considered as trifling. We may presume therefore, that had ncft the Day-Mark 
been seen from Karnminnis, but from Sennen and Fertinney only, the observations 
from which the angles of the 31 lth triangle are derived, would have afforded the 
means of computing the distance with sufficient precision. In like manner the 
312th and 313th triangles seem to prove* that the observations made to St. Agnes' 
Light-house were sufficiently accurate, as there is a difference only qf 16 feet be- 
tween the distances of the Light-house from Pertinney. The ball on the top of the 
Light-house was the object always observed ; and the Day-Mark being pyramidical, 
.we had the means of making the observations at the different stations to the same 
point of this building. 

Of the distances of the Defects in the Scilly Isles* intersected from the stations 
in the west of Cornwall, from Sennen steeple; the stone near the Land’s End} 
and the Longship's Light-house. It is here observed, that as the observations 
made to the Day-Mark, and St Agnes’ Light-house, may be supposed sufficiently 
accurate ; and the ball on the top of the Longship's Light-house was also observed 
under favourable Circumstances, it will be proper to apply the corrections tp tfre 
horizontal angles, in order to obtain those formed by the chords. Taking, there*- 
fore, Pertinney as the angular point, and computing with the following data, vfe. 

f Day -Mark = 154551 'k 

Btation on Pertinney from . < St. Agnes* Light-house.. = 182207 >Feet. Ami 

(.Long&hip'i Light-house. . = 27883 J 

the angle at Pertinney, a ugm ente d for calculation, r the Pay-Mark =12° \T 3o"\ We get the 

between the Longship's Light-house and 1 St. Agnes' Light-house = 6 15 25 /distance ojf 

the Longship’s Lighuhowe from ; . . . { gj = I S = S06 } 

Calculating also, with the distances of the two other objects in the Scilly Isles, 
and likewise those of Sennen steeple, and the stone near the Land’s End from 
Pertinney, with the included angles at the same station, we get 

Feet. Miles. 
(Oay-Maik = 139521 = 26.43 

Sennen steeple from. Agnes' light-house = 160255 =p 31.49 

1 Flagstaff in St. Marys =± 157912 9 29.95 

L Windmill in SL Mary’s = 155299 * 29.41 
f Day-Mark = 135343 ;= 25.63 

Stone near the Land's Bad tom ) St Agnes’ W* 1 *"* * J^lOO = 30.7 

1 Flagstaff m St. Mary’s = 153744 = 29.ll 
£ WJndmill iq St, Mary's v 151138 = 28.63 

Of the Scilly Isles, Menawthen is the nearest to the Land's End, being about 
1 -jV miles eastward of the Day-Mark ; and the cluster of rocks, called the Bishop 
and his Clerks, the most remote, being 3 j- miles west of St. Agnes’ Light-house, 
Combining therefore the above particulars with those distances* we may conclude, 

1 1 2 ' 
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that the nearest part of the Scilly Isles is about 24.7 miles from the Land's End, and 
the farthest nearly 34. 

This account of the trigonometrical survey then relates to that carried on in Kent, 
in the years 1795 and 1796, with the small circular instrument. The instrument 
used in this survey was announced in the Philos. Trans, for 1705. It was made by 
Mr. Ramsden ; and was about half the size of his large theodolite, or circular in- 
strument, with which were taken the horizontal angles, but nearly similar to it in 
all its parts. This instrument, on account of its portable size, may very readily be 
taken to the tops of steeples, tdwers, &c. and is therefore extremely well adapted to 
the uses for which it was intended. Then follows a list of the situations of the 


stations on which observations were made with the small circular instrument, in. 
the summer of tlie year 1 795 ; with the triangles for determining the distances of 
the stations. As the station on the Keep of Dover Castle, in 17S7, was directly 
over the steps of the Turret, a new point was chosen about 6^ feet from the former, 
where the instrument could stand conveniently : this new point is about 2.8 feet 
farther from Folkstone Turnpike, and 1 foot farther from Paddlesworth,* than the 
point marking the old station. From General Roy’s account of the trigonometrical 
survey in 1787, we have 

Dover Castle from Folkstone Turnpike 31554.6 \ f 

from Paddlesworth 42561.3 J see ” 

Now, augmenting those distances in the proportion of 14 1 747 to 141753 (see 
Phil. Trans, vol. 80, p. 595, and the vol. for 1795, p. 508), we get 3.1556, and 
42563 feet ; to which adding 2.8, and 1 , respectively, we have 

The new point on Dover Castle from Folkstone Turnpike 31558.8 1 , 

from Paddlesworth 42564 / Ieet " 

In order to obtain the distance between Waldershare and Dover Castle from 


those new sides, or distances, the three angles of the following triangle were very 
carefully taken. 

f Dover Castle 3° 49' l6” 3* ♦&' 15" ) 

1 < Folkstone Turnpike ..36 6 31 3 6 6 30 > for computation. 

(. Hawkinge 140 4 16 140 4 15 J 

The 8d angles of the next 2 triangles were not observed : 

f Hawkinge 44° 28' 30? 

2 < Dover Castle 73 53 44 

l Waldershare 61 42 46 

r Dover Castle 62 24 7 

3 < Paddlesworth (the station of 1787)i 32 36 9 

V Waldershare 84 59 44 


FmL 

By the first 2 triangles, Dover Castle from Waldenhare 230, 9 4 V03020 5 mean distance 

From tlje latter 23021.5 / 

f Dover Castle 28976. 

And Hawkinge from j Waldershare Sl6l6. 

Finally are deduced the distances of the objects intersected.in the- survey with the 
small circular instrument, from the meridian of Greenwich, and from the perpen^ 
dicular to that meridian. Also their latitudes and longitudes. At Folkstone turn- 
pike, the bearing of the station on Dover Castle in 1787, from the parallel, to the 
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meridian of Greenwich is 65° 52' 46' n.e. The new point on the Keep is 6-f feet 
north-eastward from the old one, which will subtend an angle at Folkstone turn- 
pike of about 38* i therefore the new station bears 65° 52' 8' n.e. The bearing 
of the centre of Tenterden steeple from Allington Knoll, is nearly the 
same as that of the station in 1787, or 85° 47' 25' s.w: but the distances of 
those stations (Folkstone turnpike and Allington Knoll), from the meridian of 
Greenwich, and its perpendicular, are augmented in the proportion of 141747 to 
141753, for obtaining the distances in the 3d and 4th columns of the following 
table : Folkstone turnpike being 27 497 9 a °d 1 37 220 ; and Allington Knoll 2 1 9935 
and 144038 feet, respectively, from the meridian, and its perpendicular 

Bearings and Distances of the Station s. 

Bearings from the Parallels t< 

Greenwich. 

At Folkstone turnpike. 

Dover ... 

Hawkingc 

At Dover. 

Paddlesworth 

Waldershare 

Rings wold 

At Waldershare. 

Shore 

Mount Pleasant 

Wingham 

Hardres 

Hawkinge 

Rings wold 

Near the shore. 

Ringswold 

Interior Objects ~ 

70860 
6*0458 


93245 : 
90710 
75800* 

50817 

48148 

35403 1 
42721 
55132! 


33663 

42679 

61259* 

68384 

83725 ' 

81418. 

83586' 

65124. 

77748 

70348*: 


At Dover. 

St Radigund’s Abbey . . 

Hougham steeple 

Gunston steeple 

St. Margaret’s steeple . . 
South Foreland light- 7 

house j 

At Waldershare. 

Barham windmill. 

Elham windmill 

Upper Deal chapel .... 

Deal Castle 

Watch-house near tbel 

shore / 

Sahdown Castle 

Walmer steeple 

Ripple steeple 

Waldershare steeple. . . . 

Fas try steeple 

Ash steeple 

Minster steeple 

Woard steeple 

Sandwich highest steeple 

Wingham steeple 

Gooctoeston steeple .. .. 


At Waldershaie. 

88 5 4 nw 287597 123777 Littleboum steeple .... 

6*3 19 22 aw 288341 130455 Canterbury cathedral .. 

3 43 2 nw 303189 115226 At Ringswold. 

51 54 43 ne 315148 115408 Mongebam steeple .... 

70 ,0 3, .. 

Near the Shore. 

6l 0 4 nw 278573 93852 Ramsgate windmill .. . 

10 14 39 284430 137246 St. Lawrence steeple . 

63 17 33 nr 317056* 9^237 At Mount Pleasant. 

66 9 16 ne 321842 91768 Birchington steeple . 

85 a.37» ^1* 108498 

55 51 56 ne 321721 84365 > At Wingham. 

73 8 30 ne 318338 97239 The South Reculver. . . 

70 1 50 ne ,3028 67 - 97534 Hearne windmill* 

64 52 20 ne 295235 103390 Blean steeple 

23 30 46 ne 300393 . 82166 Wickham steeple 

4 44 29 he 293069 70165 Bridge windmill ..... 

11 24 56 ne 301 1*55 51113 Nackington steeple .. . 

34 II 33 ne 308967 ' 78042 ChilHngdon windmill . 

26* 19 14 ne 307187 71279 [Preston steeple 

20 6 36 nw 27800 7 72725 IShotteiidea windmill . 

19 16 21 nw 2819151 82313 1 1 ckham steeple 


27 39 59 nw 
49 51 48 nw 

21 30 34 n w 
31 52 45 nw 
29 51 29 N\* 

12 13 43 ne 
7 30 6 NE 

20 17- 12 nw 
78 0 9 nw 
65 26 52 sw 


55 51 
73 8 
70 1 
64 52 
23 30 
4 44 
11 24 
34 II 
26* 19 
20 6 
19 16 


8 3 
34 59 


15 nw 

1 1 NW 
4 I NW 
44 nw 
3 sw 
17 sw 
30 SE 

IS NW 
1 SW 

57 SW 


278100 
248 19S 

311611 

307623 

299693 

321363 

320817 

29872 9 
286*391 
283143 

274346 

260191 

241261 

27092J 

260132 

249854 

286591 

278891 

212206 

271533 


the Meridian of 

Distances 
from meti. 

Distances 
from perp. 

Bearings from the Parallels to the Meridian of 
Greenwich. 

Distance* 
from meri. 

Distances 
from perp. 

0 * / * 

Feet. 

Feet. 

Near the 9hore. 


Feet. 

Feet: 

60 52 8 NE 


124318 

Mount Pleasant 

28 56* 58 nw 



‘29 45 38 N E 

270605 

134376 

At Mount Pleasant. 







Wingham 

43 51 31 sw 



81 30 42 sw 

262004 

130553 

Cliislet 

82 23 48 sw 

272918 

50168 

36 24 53 nw 

290m 

105792 

At Wingham. 




30 21 62 NE 

315783 

103830 

Chislet 

18 10 37 nw 






Hardres 

5T 51 37 sw 



39 5+ 35 ne 

3175+5 

72997 

Beverley Park 

77 3 23 nw 

247060 

62852 

11 5 6 19 NE 

302716 

46190 

At Beverley Park. 




16 ’ 36 24 nw 

279533 

70315 

Hardres 

2 3 23 *E 



74 21 9 nw 

248180 

94016 

At Allington Knoll, 




25 17 53 sw 



Tenterden 

85 47 25 sw 



85 37 43 ne 



Westwell Down 

32 34 49 nw 

1.92302 

100797 




Wye Down 

2 2 48 NE 

221269 

106701 

3 16 15 sw 



Bra bourn Down 

22 37 5 NE 

230102 

l 19636 
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Bearings from tht Parallels tnlfte Meridian of ; Distances ) 


Gn - nwich 


from meri. 


At Hardres. 

Harble<JoWn steep}*. . . . 

Sturry steqple ........ 

West r Stone-street! 

windtnill j 

Stelling windmill 

On West well Down. 

Ashford steeple 

Brook steeple r . 

Willsborough steeple . , 
Kingsnerth steeple . . . . 
Shadoxhurst steeple .... 


1+ 15 V IW 

15 2 6 36' ne 

35 46 24 %w 
t6 1 10 sw 

rn 53 15 *e 
163 10 ?5 IE 
[33 0 39 
12 49 1 

7 20 54 sw 


Distances II Bearin'* film the Parallels to the Meridian of 

from perpJ Greenwich. 


Feet. 

2*1955 

250619 

236870 

242003 

200728 

219234 

206797 

199037 

187830 


Distances 

trammed. 


Feet. 

oyodo 

63499 

109743 

106700 

118961 

114417 

123109 

130400 

135476 


On Westwell Down. 

I&enmiiffton steeple . . .. 

At Allington Knoll. 
Great Chart steeple .... 

Westwdl steeple 

Pluckley steeple ...... 

EastweU steeple 

Charing steeple ; 

I Allington steeple 

iLymne steeple . . * 

jMemham steeple 


50 3 * 14 SB 

52 21 16 vw 
31 46 42 nw 

53 27 50 vw 
25 17 49 vw 
137 58 49 nw 
25 0 2 ve 
81 23 44 se 
22 32 1*4 nw 

Monks-HortoQ steeple. . [46 23 19 ne 


Distances 
tetn perp. 


Feet. 

2U4069 

190572 
1 94208 
173511 
200945 
182959 
221344 
235914 
214269 
237604 


Bearings and Distances of the Stations and Interior Objects * intersected in 1796 

At Goudhurst. 


Bidenden ...... . 

Hartridge . 

At Fairiight Down! 


54 59 23 ns 

159324 

95480 

At Fairiight Down. 
Iden steeple 

33 33 48 ne 

163454 

88 49 3 *e 

147431 

131744 

Brede steeple 

13 48 32 nw 

138116 

79 43 33 NE 

84 28 24 nw 



At Aldington Knoll. 

Stone Crouch 

Warehom steeple 

57 3 23 sw 
72 50 14 sw 

176642 

193071 


Interior Objects. 


At Goudhurst 
Frittendeti steeple . . . 

Iwton steeple 

Chart Sutton steeple . 
Sutton windmill 

Ulcomb steeple 

Headcora windmill . . . 

Stipleharst 

Oraabrook steeple . . . 

. At Fairiight Down* 
Rolvenden steeple . . . 

Beckley steeple 

Peasemafth steeple . . . 
Whittersham steeple . 
Sandhurst steeple... . . . 

Vftnchelaea steeple . . . 
Ipklesham steeple , . . 
At Allington Knoll 

Bethersden 

HighHaiden ....... 

Orieston steeple ..... 

Wopdchureh steeple . 

Warehoro steeple 

Brookland steeple 




1 

i| At Allington Knoll. 



72 9 23 ne 

135894 

183079 flOld Romney steeple . . 

21 3 44 sw 

207322 

13 32 17 HE 

117510 

92485 

New Romney steeple . . 

4 41 50 sw 

217098 

36 16 23 NB 

138757 

95834 

At Boughton Malherb. 



41 28 17 ne 

138534 

96169 

Benenden steeple 

25 12 54 sw 

129542 

47 18 3 ME 

147633 

94491 

At Silver Hill. 



57 54 53 ne 

140758 

111015 

Brasses windmill 

40 7 4se 

123521 

51 49 3 NX 

127*16 

116176 

At High Nook. 



71 8 27 »s 

123602 

138488 

New Church steeple . . 

57 43 31 nw 

214018 




Ivy Church steeple .... 

83 52 46 sw 

205170 

1 59 36 BE 

145513 

155271 

St Mary’s steeple .... 

78 53 12 sw 

204756 

1 7 43 NE 

144072 

179830 

At Lydd. 



25 ll 9 NE 

158458 

1A6395 

Playden steeple 

85 1 0 nw 

169333 

21 13 46 NE 

162307 

169704 

At Weitwell. 



17 26 59 NW 

127377 

167613 

Lea ham steeple 

63 25 45 nw 

165089 

50 39 28 NE 

1 64181 

*01501 

Kgerteu steeple 

86 38 14 sw 

167621 

41 12 28 nw 

, 15003.1 

204073 

Smarden steeple 

61 47 14 sw 

157842 




Turret 00 Romden stables 

06 18 54 sw 

163521 

69 11 i5N* 

173469 

126373 

At Stone Crouch. 



81 47 1 NW 

164672 

136054 

Appledore steeple .... 

30 33 49 ne 

182243 

86 50 21 sw 

196655 

145317 

Suave steeple ........ 

65 22 1 ne 

200828 

89 57 22 nw 

177569 

144000 

Snargate steeple ...... 

66 35 7 ne 

193068 

72 50 14 »w 

198071 

152324 

Bast Guildford steeple. . 

6 54 4 sw 

,174746 

42 19 2 sw 

192410 

174253 





Feet. 

111131 

121389 

102510 

109641 

103951 

96677 

141017 

146456 

130383 

127204 


1S07U 

197485 

172082 

152324 


1767S9 

17*400 

150187 

18755* 

156687 

168562 

170287 

187207 

87178 

102243 

119273 

119970 

l 62595 
160993 
161969 
& 87750 


Latitudes and Longittides of Objects intersected in 1795* 


Kama of Objects. 

Latitude. 

Longitude east from 
Greenwich. 

In degrees. In time. 

Nunes of Objects. 

Latitude. ' 

LSngtudeeuHVodi 
In degrees. In dagfe 

The Belvidere t&Walder- 7 

share park.. 3 

Rings wold, or Kings wold / 

steeple j 

Upper Hardres steeple . . 
Chialct steeple 

0 t tt 

51 J 1 13 

5111 8 

51 13 J 
51 20 4, 

• * // 

l 15 39 

1 22 20 

1 4 45 

1 11 24 

ra. s. 

5 2.6 

5 29.3 

4 19 

4 45*6 

St Radigund’s Abbey .... 

Hougham steeple 

Guns ton stcepfe . .‘ 

St. Margaret’s steeple .... 
South Foreland lggbt-bouse 
Barham windmill f .> *• . * 

0 / // 

51 7 56 
51 6 50 

51 9 18 
51 9 1 4. 

51 8 21 

5.1 12 52, 

• 4 

1 14 44 

1 15 4 
119 0 
1 22 7. 

M2 

1 12 M\ 

ip* 4 

4 5A9 

ir 

5 23(5 
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Latitude. 

Longitude east from 
cmnridb. 

I* degree*. In time. 

Elham windmill 

Upper Deal Chapel ..... . 

• / // 

51 5 44 
51 18 2> 

0 / M 

1 14 1 

1 22 44 

m. s. 
4 56.1 
6 BOS , 

Deal Castle . . . .* 

51 

13 

5 

1 

23 

59 

5 

35.9. 

Watch-house near the shore 

51 

10 

21 ( 

1 

23 

4 6 

5 

45.1 

Sandowa Castle 

51 

>4 

I81 

1 

23 

&9 

5 

Sl.% 

Walmer steeple 

51 

15 

29 


23 

8 

5 

32.5 

Ripple steeple 

Waldeasbare stecpk . . • 

51 

51 

12 

11 

12 

15: 

1 

1 

*9 

16 

0 

59' 

5 

5 

16 1 

7.9: 

Eastry steeple 

51 

14 

44 

1 

18 

26 

5 

J3.7 

Affh atn^ple . 

51 

16 

44* 

1 

16 

34 

5 

6.3 

Minster steeple 

Woard steeple 

51 

19 

60 

l 

IS 

46 

5 

15.1; 

51 

15 

23 

1 

20 

41 

5 

22.7 

Sandwich highest steeple. . 

51 

16 

30 

1 

20 

15 

5 

21 1 

Wingham steeple 

Goodneston steeple ...... 

51 

51 

16 

14 

21 

45 

1 

12 

13 

3ft 

26 

4 

4 

£21 

EH 

Littkboum steeple 

51 

16 

40 

1 

11 

1 

4 

44 .T 

Canterbury cathedral . . . . 

5L 

>18 

2 6 

1 

4 

53 

4 

L9*5 

Mongtham steeple ...... 

51 

12 

53 

1 

21 

.18 

5 

*5.2 

Norboum, orNorthboum *1 

steeple / 

Woodnesabcraugh, or T 
Woodnesbor. steeple / 

51 

13 

18 

1 

20 

17 

5 

21*1 

51 

14 

47 

1 

16 

1« 

5 

13.1 J 

Ramsgate windmill ...... 

51 

39 

49 

1 

24 

4 

5 

36J3 

St Lawrence steeple .... 

51 

20 

16 

l 

23 

56 

5 

43 .7 

Birchington steeple 

51 

22 

25 

1 

16 

13 

5 

4.8 

St Nicholas steeple 

51 

21 

15 

1 

14 

57 

4 

69* 

Stourmouth, or Stor-1 
mouth steeple J 

51 

19 

ft 

1 

14 

3 

4 

56.2 

The South Reculver .... 

51 

22 

*7- 

1 

11 

50 

4 

47.3 


Names »f Objects. 


Latitudes and Longitudes of 


Linton steeple 

Sutton 'windmill . . . 
Chart Sutton steeple 
Lenham steeple . . . 
Rornden stables . . . 
Smardtn steeple . . . 
Bethersden steeple . 
Rolvefiden steeple . 
Beckley steeple ... 
Bidendea steeple . . . 
Headcom windmill . 
Ulcomb steeple ... 
Staplehurst steeple • 
Cranbrook steeple . 
Egerton steeple . . . 
Frittenden steeple • 
Snargate steeple ... 

Suave steeple 

Warehom steeple . 
Orleston steeple ... 
Winchelsea steeple . 


51 

13 

24 

0 

30 

40 

2 2.7 

51 

12 

46 

0 

36 

9 

2 24.6 

51 

12 

56 

0 

34 

54 

2 19*6 

51 

14 

13 

0 

43 

6 

2 52.4 

51 

6 

49 

0 

42 

36 

* 50.4 

51 

6 

57 

0 

41 

6 

2 44.5 

51 

7 

45 

0 

45 

10 

3 07 

51 

3 

3 

0 

37 

50 

2 313 

50 

59 

1 

0 

37 

24 

2 2 9*< 

51 

7 

3 

0 

38 

23 

2 33.5 

51 

10 

21 

0 

36 

41 

2 26.7 

51 

13 

1 

0 

38 

31 

33 

51 

9 

30 

0 

33 

9\ 

2 12.6 

51 

5 

50 

0 

32 

10 

2 8.7 

51 

11 

44 

0 

43 

43 

2 54.9 

51 

3 

20 

0 

35 

24 

2 21.6 

51 

1 

23 

0 

50 

10 

3 20.7 

51 

2 

1 

0 

52 

12 

3 28.8 

51 

3 

27 

0 

50 

13 

3 20,9 

51 

4 

36 

0 

51 

10 

3 24.7 

50 

55 

26 

0 

43 

34 

f2.54.3i 


Hearne windmill.. ...... 

Bleen steeple 

Wickham steeple 

fckham steeple 

Bridge windmill ........ 

Nackington steeple 

Cfafttmgdoh windmill .... 

Preston steeple 

Shotteoden windmill .... 
Harbfoiown steeple . . . . 

Sturry steeple 

West-Stone-street windm. 

Stdling wmdnAll ; 

Ashford steepl# 

Brook steeple 

Willsborough Steeple . . . . 
Kinnmxth steeple 

Shadoxhurst steeple 

Kennington steeple 

GmtChiit steep b 

Westwell steeple 

Pluckley steeple 

Bastwell steeple 

Charing steeple ........ 

Allington, or Aldington 1 

steeple... J 

Lvmne steeple 

Mersham steeple 

Monks Norton steeple. . , . 

Objects intersected in 

Sandhurst steeple 

Whittersham steeple .... 
New Church steeple .... 

Ivy Church steeple 

St. Mary’s steeple 

Bast Guilford steeple .... 

Appledore steeple 

Old Romney steeple .... 
New Romney steeple .... 

Playden steeple 

Brookland steeple 

Iden steeple 

Brede steeple 

Benenden steeple 

Brasses windmill . ....... 

Icklesham steeple 

Boughton Malherb steeple 

Peasemanh steeple 

Wpodchuroh steeple . . . . 
High Haiden steeple .... 


Xtidtude. 


LoMfcud* eastfrem 
Greenwich. 

lln degree*. U time. 


o 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 


21 20 
18 19 
17 5 
17 47 
14 35 
14 59 

14 30 
17 55 

15 41 
16*58 
17 55 
10 22 

10 5! 
3 $6i 
9 38 
8 14 

7 3 
6 14 

10 12 

8 33 

11 39 
10 30 

11 23 

12 37 

51 5 16 


51 

51 

51 


4 .20 
7 1 
7 30 


1796: 


51 
51 
51 
51 

51 O 29 

50 57 50 

51 1 47 

50 59*25 
50,59 7 
50 57 46 
50 59 51 
50 58 50 

50 $6 7 

51 3 54 

30 57 46 

50 55 1 

51 12 51 

50 57 54 

51 4 51 

51 6 11 


H 

/ 

// 

m 

. s. 

1 

8 

6 

4 

32.4 

1 

3 

4 

4 

12.3 

1 

10 

48 

4 

43.2 

1 

10 

•71 

4 

40.5 

1 

7 

55, 

4 

31.7 

1 

5 

14 

4 

2047 

1 

14 

49 

4 

59.3 

1 

12 

64 

4 

51.6 

0 

55 

25 

3 

41.7 

1 

3 

IS 

4 

12.9 : 

1 

7 

3 

4 

28.3 

1 

1 

45 

4 

7 

1 

3 

$ 

4 

12.4 

0 

58 

IS 

3' 

29.2 

0 

57 

8 

3 

48.5 

0 

53 

52 

3 

35.5 

0 

51. 

49 

3 

27*3* 

0 

48 

53 

3 

15.5* 

0 

53 

17 

3 

33.2'' 

0 

*9 

39 

3 

18.6 

0 

50 

39 

3 

22.6 

0 

45 

14 

3 

0.9* 

0 

52 

2* 

3 

29.6 

0 

47 

44 

3 

10.9 

0 

57 

J* 

3 

504 

1 

1 

22 

4 

54 

0 

55 

47 

3 

43.1 

1 

L 

53 

4 

74* 

0 

33 

4 

2 

124 

0 

42 

10 

2 

48.7 

0 

55 

38 

3, 

42.5 

0 

53 

18 

3 

33.2 

0 

53 

11 

3 

32.7 

>0 

45 

21 

3 

14 

0 

47 

22 

3 

9*5 

0 

53 

50 

3 

354 

0 

56 

22 

3 

45.5 

0 

43 

56* 

2 

55.7 

0 

49 

5S 

3 

19.9 

0 

43 

481 

2 

54.9 

0 

35 

49; 

2 

234* 

0 

33 

41 1 

2 

14.8 

.0 

32 

3 

2 

8.2 

0 

40 

29 

2 

42 

0 

41 

34 

2 

4 6.3 

0 

41 

7 i 

2 

444 

0 

46 


3 

4.8 

0 

42 

sr 

2 

51. & 
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/. The Baherian Lectute. Being Experiments cm the Resistance of Bodies moving 
in Fluids. By the Rev. S. Vince, A.M . , F.R.S., &c. Anno 1798. 

Vol LX XX VI II. p. 1 . 

In a former paper on the motion of fluids, I stated the difficulties to which the 
theory is subject, and showed its insufficiency to determine the time of emptying 
vessels, even in the most simple cases ; I also proved, by actual experiments, that 
in many instances there was no agreement between theiif results and those deduced 
from theory. The great difference between the experimental and theoretical con- 
clusions, in most 6f the cases which respect the times in which vessels empty them- 
selves through pipes, necessarily leads us to suspect the truth of the theory of the 
action of fluids under all other circumstances. In the doctrine of the resistances of 
fluids, we see strong reasons to induce us to believe, that the theory cannot gene- 
rally lead us to any true conclusions. When a body moves in a fluid, its particles 
are struck by the body ; and in our theoretical considerations, after this action, the 
particles are supposed to produce no further effect, but are conceived to be as it 
were annihilated. But in fact this cannot be the case ; and what we are to allow for 
their effect afterwards, is beyond the reach of mere theoretical investigation. What- 
ever theory therefore we can admit, must be that which is founded on such experi- 
ments as include in them every principle which is subject to any degree of uncertainty. 
We must therefore have recourse to experiments, in order to establish any conclu- 
sions on which we may afterwards reason. In the ■ paper above mentioned, I de- 
scribed a machine to find the resistances of bodies moving in fluids ; since which 
time, I have made a variety of experiments with it, on bodies moving both in air 
and water, and I have every reason to be satisfied of its great accuracy. In this 
paper, I propose to examine the resistance which arises from the action of non- 
elastic fluids on bodies. 

This subject divides into 2 parts X we may consider the action of water at rest on 
a body moving in it, or we may consider the action of the water in motion on the 
body at rest. We shall first give the result of our experiments in the former case, 
and compare them' with the conclusions deduced from theory. Now the radius of 
the axis of the machine used in these experiments was 0.21 17 in. the area of the 4 
planes was 3.73 in. the distance of their centres of resistance from the axis was 
7,57 in. and they moved with a velocity of 0.66 feet in a second. The first column 
of the following table exhibits the angles at which 
the planes struck the fluid ; the 2d column shows 
the resistance by experiment, in the direction of 
their motion, in Troy ounces ; the 3d column gives 
the resistance by theory, assuming the perpendi- 
cular resistance to be the same as by experiment ; 
the 4th column shows the power of the sine of 
the angle to which the resistance is proportional. 


Angle. 

Experiment. 

Theory. 

Power. 

10 # 

0.0112 

0.0012 

1.73 

20 

0.036*4, 

0.0093 

1.73 

30 

0.0769 

0.0290 

1.54 

40 

0.1174 

0.0616 

1.54 

50 

0.1352 

0.1043 

1.51 

60 

0.1902 

0.1476 

1.38 

70 

0.2125 

0.1926 

1.42 

80 

0.2237 

0.22i 7 

2.41 

90 

0.2321 

0.2321 
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The 4ih column was thus Computed : Let s be the sine of the angle to radius 
unity, r the assistance at that angle, and suppose r to vary as then l* : 
0.2321 : r, hence, s’ = , and consequently m = log ‘ and, by 

substituting for r and s their several corresponding values, we get the respective 
values of m, which are the numbers in the 4th column. Now the theory supposes 
the resistance to vary as the cube of the sine ; whereas, the resistance decreases 
from an angle of go 0 , in a less ratio than that, but not as any constant power of the 
sine, nor as any function of the sine and cosine, that I have yet discovered. Hence, 
the actual resistance is always greater than that which is deduced from theory, 
assuming the peqjendicular resistance to be the same; the reason of which, in part 
at least, is, that in our theory we neglect the whole of that part of the force which, 
after resolution, acts parallel to the plane; whereas, from the experiments which 
will be afterwards mentioned, it appears that part of that force acts on the plane? 
also, the resistance of the fluid which escapes from the plane,' into the surrounding 
fluid, may probably tend to increase the actual resistance above that which the 
theory gives, in which that consideration does ndt enter; but, as this latter circum- 
stance affects the resistance at all angles, and we do not know 'Ihe quantity of effect 
which it produces, we cannot say how it may affect the ratio of the resistances at 
different angles. 

In theory, the resistance perpendicular to the planes is supposed to be' equal to’ 
the weight of a column of fluid, whose base == 3;73 in. and altitude = the space 
through which a body must fall to acquire the velocity of 0.6& feet ; noto thatspace 
is 0.08124 in. consequently the weight of the column ;= 6.1598 Troy oz.; but the • 
actual resistance was found to be ss 0.2321 oz. Hence, the actual resistance of ‘ 
the planes ; the resistance irt our theory :: 0.i321 : 0.1598, which is nearly as 
3 : 2. • ' . i " 1 M • •• • 

I am aware that experiments have been made on the resistances of bodies moving 
in water, which have agreed with our theory. • An extensive set was instituted by 
D’Alembert, Condorcet, and Bossut, the result of which very nearly coincided with 
theory, so far as regards the absolute quantity of the perpendicular resistance. Their 
experiments were made on floating bodies, drawn upon the fluid by a force acting 
on them in a direction parallel to the surface of the fluid. There can be no doubt 
but that these experiments were very accurately made. The experiments here re- 
lated were also repeated so often, and with so much care, and the results always 
agreed so nearly, that there can be no doubt but that they give the actual resistance 
to a very considerable degree of accuracy. In our experiments, the planes were im- 
mersed at some depth, in the fluid ; in the other case, the bodies floated on the 
surface ; and I can see no way of accounting for the difference of the resistances, 
but by supposing that, at the surface of the fluid, the fluid from the end of the 
body may eScape more easily than when the body is immersed below the surface ; 
but this I confess appears by no means a satisfactory solution of the difficulty. The 

VOL. xviii. K K 



Digitized by 


Google 



250 ' - PHILOSOPHICAL TRANSACTIONS. [ANNO 1798. 

resistances of bodies descending in fluids manifestly come 'under the case of our 
experiments. 

Two semi-globes were next taken, and made to revolve with their flat sides for- 
wards. The diameter of each was 1.1 inc. the distance of the centre of resistance 
from the axis was 6.22 inc. and they moved with a velocity of 0.542 feet in a second ; 
and the resistance was found to be 0.08339 oz. by experiment. By theory, the 
resistance is 0.05496 oz.; hence, the resistance by experiment : the resistance by 
theory :: 0.08339 : 0.05496, agreeing very well with the above-mentioned propor- 
tion. But, when the spherical sides moved forwards with the same velocity, the- 
resistance was 0.034 oz. Hence, the resistance on the spherical side of a semi- 
globe : resistance on its base :: 0.034 : 0.08339; bat this is not the proportion of 
the resistance of a perfect globe to the resistance of a cylinder of the same diameter,, 
moving with the same velocity, because the resistance depends on the figure of the 
back part of the body. 

I therefore took 2 cylinders, of the same diameter as the 2 semi-globes, and of 
tbe same weight; and, giving them the same velocity, I found the resistance to be 
O.07998 oz.; therefore the resistance on the flat side of a semi-globe r tbe resist- 
ance of a cylinder of the same diameter, and moving with the same velocity :l 
0.O833Q : 0.07998. This difference can arise only from the action of the fluid on 
tbq back aide of the semi-globe, moving with its flat side forwards,, being less than, 
that on the back of the cylinder, in consequence of which the semi-globe suffered 
the greater resistance. The resistance of the cylinders, thus determined directly 
by experiment, agrees very well with the foregoing experiments. The resistance, 
ceteris paribus, varies as the square of the velocity very nearly, and may be taken, 
so for all practical purposes, as Ifind by. repeated experiments, made both onair and 
water, in the manner described in my former paper- Hence, for different planes, 
the resistance varies as the area, X the square of the velocity. Now tbe resistance 
of the planes vyhqse area, was 3.73 inc. moving with a velocity of 0.66 feet in a se- 
cond, was found to be = 0.2321 oz. Also, tbe area of the 2 cylinders was 1.9 inc-. 
and their velocity was 0.542 feet in a second; to find therefore the resistance of the 
cylinders from that of the planes, we haye 0.66? X 3*73 : 0.542’ X l.ffc:: 0.2321 
oz. : O.Q7973oz. for the resistance on the cylinders, differing but, very little from, 
0.07993 oz * the resistance found from, direct experiment 

Now, to get the resistance on a. perfect globe, we must consider, that when the- 
hsck part is spherical, the resistance is greater than when, it is flat, in. tbe ratio of 
0.08339 ; 0.0799 8 >. hence the resistance on a globe t the resistance on a semi-globe 
in thp same ratio; but the resistance on the semi-globe was 0(034. oz* hence, 
0.07998 : 0.08339 :: 0.034 oz. 1 0.0354 oz. the resistance of a.globe; consequently,, 
the resistance of a globe : the resistance of a cylinder of the same diameter, moving 
With the same velocity in water :: 0.0354 : 04)7998 :: 1 : 2.23. 

We proceed next to compare tbe actual resistance, of a globe with the resistance' 
assumed in our theory. In the first place, the absolute quantity of resistance has- 


Digitized by 




rau.os6PHic.ia transactions. 


291 


I 

VOL. LXXXVlfr.] 

been found to be greater than that which we use in theory, in the ratio of 0.2321 
i o.l 5Q8 ; but, by theory, the resistance of the globe t the resistance of the cylinder 
:: l : 2, or as 1 .1 15 1 2.23; hence, by theory, we make the resistance of the globe 
too great, in the ratio of 1.115 : 1; and it is too small, from the former considera- 
tion, in the ratio of O.l 598 : 0.2321 ; therefore the actual resistance of the globe : 
the resistance in theory :: 0.2321 : 0.1 508 x 1.115 :: 0.2321 : 0.1782, which is 
nearly in the ratio of 4:3. Thus far we have considered the resistance of bodies 
moving in a fluid; we come next to consider the action of a fluid in motion on a 
body at rest. 

A vessel 5 feet high was filled with a fluid, which could be discharged by a stop* 
cock, in a direction parallel to the horizon. The cock being opened, the curve 
which the stream described was marked out bn a plane set perpendicular to the 
horizon; and, by examining this curve, it was found to be a very accurate parabola, ' 
the abscissa of which was 13.85 inc. and the ordinate was 50 inc.; hence the latus 
rectum was 180.5 inc. -t- of which is 45.1 inc. which is the 6pace through which a 
body must fall to acquire the velocity of projection; hence that velocity was 189.$ 
inc. in a second. And here, by the bye, we may take notice of a remarkable cir- 
cumstance. The- depth of the cock below the surface of the fluid was 45.1 inc.; 
hence the velocity of projection was that which a body acquires in falling through 
a spaoe equal to the whole depth of the fluid; whereas, through a simple orifice, 
the velocity would have been that which is acquired in falling through half the 
depth; the pipe of the stop-cock therefore increased the velocity of the fluid in tht 
ratio of 1 : 1/2, and gave it the greatest velocity possible; the length of the pipe 
was 3 inc. and the area of the section 0.045 inc.; also, the base of the vessel was a 
square, the side of whidi was 12 inches. 

The area of the section of the pipe may be found very accurately, in the follow- 
ing manner. The vessel being kept constantly full, receive the quantity of fluid 
run out in any time t", and then weigh it, by which we shall be able to get the 
quantity in cubic inches.' Now if v =s the velocity of the fluid when it issuer from 
tile pipe, a a s the area of the section of the pipe, / as the length of the cylinder , 
of water run out, whose base = a, and *» = the quantity of fluid discharged in 
then v : 1 1 ’. 1* : t", hence, / as vt\ but al — m; therefore avt ass m; hence a sss 

In the present instance, * = 20, ms 170.63 cubic inches, v sa 189.6; 
hence a s= 0.045. 

Let abcd, fig. 1, pi. 5, be a solid piece of wood, on which are fixed 2 upright 
pieces, rs , lu; between these, a flat lever eac is suspended, in a perpendicular posi- 
tion, on the axis ay, and nicely balanced; and let a be a point directly against the 
middle of the axis, in a line perpendicular to the plane of the lever. This apparatus 
is placed against the stop-cock, at the distance of about 1 inch, and, when the 
water is let go, let us suppose the centre of the stream to strike the lever perpen- 
dicularly at e; take ac ax ae, and, on the opposite side to that at which the stream 
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Angle. 

Experiment. 

[ Theory. 


oz. 

dwt. 

S r - 

oz. 

dwt. 

gr. 

90° 

1 

17 

12 

1 

17 

12 

80 

1 

17 

0 

1 

16 

22 

70 

1 

15 

12 

1 

15 

fi- 

GO 

1 

12 

12 

1 

12 

ll 

50 

1 

18 

10 

1 

18 

17 

40 

1 

4 

10 

1 

4 

2 

30 

0 

18 

18 

0 

18 

18 

20 

0 

12 

12 

0 

12 

19 

10 

0 

6 

4 1 

0 

6' 

12 


[anno 179&. 

acts, fasten a fine silk string at c, and bring it over a pulley p, and adjust it in a 
direction perpendicular to the plane of the lever, and, at the end which hangs down, 
fix a scale 0, the weight of which is to be previously determined. All the apparatus 
being thus adjusted, open the stop-cock, and let the fluid strike the lever, and put 
such weight into the scale as will just keep the lever in its perpendicular situation, 
and that weight, with the weight of the scale, must be just equivalent to the action 
of the fluid. Thus we get the perpendicular effect of the water. Now incline the 
plane of the lever at any angle to the direction of the stream, and adjust the string 
perpendicular to the plane, as before; then put such a weight into the scale as will 
keep the lever perpendicular to the horizon while the fluid acts on it, and you get 
that part of the effect of the fluid which acts per- 
pendicular to the plane. In this manner, when 
the fluid acts oblique to the plane, we get the 
perpendicular part of the force. The 2d column 
of the annexed table shows this effect, by expe- 
riment, for every 10th degree of inclination 
shown in the first column; and the 3d column 
shows the effect, by theory, from the perpendi- 
cular force, supposing it to vary as the sine of in- 
clination. It hence appears, that the resistance varies as the sine of the angle at 
which the fluid strikes the plane; the difference between the theory and experiment 
being only such as may be supposed to arise from the want of accuracy to which 
the experiment must necessarily be subject. 

Let us now first consider, what the whole perpendicular resistance by experiment 
is, when compared with that by theory. Now, by theory, the resistance is equal 
to the weight of a column of the fluid, whose base s= 0.045 inc. and altitude 
= 45.1 inc. and the weight of that column is = 1 oz. 1 dwt. 10 gr. Hence, the 
resistance by theory; the resistance by experiment :: 1 oz. 1 dwt. lOgr. : 1 oz. 17 
dwt. 12 gr. ;; 514 : 900. In the next place, let us examine what is this resistance, 
compared with the resistance of a plane moving in a fluid. We here prove, that 
the resistance of the fluid in motion acting on the plane at rest : the resistance by 
theory :: 900 : 514; and we have before proved, that the resistance by theory ; the 
resistance of a plane body moving in a fluid :: 1598 : 2321 ; hence, the resistance 
of a fluid in motion on a plane at rest : the resistance of the same plane, moving 
with the same velocity, in a fluid at rest :: 9OO X 1598 : 514 X 2321 :: 1438200: 
1192954 :: 6 : 5 nearly. Now we know that the actual effect on the plane must 
be the same in both cases; and the difference, I conceive, can arise only from the 
action of the fluid behind the body, in the latter case, there being no effect of this 
kind in the former case. For, in respect to the pressure before the body, that will 
probably be the same in both cases; for there is a pressure of the column of the 
spouting fluid, acting against the particles which strike the body at rest, similar to 
the action of the fluid before the body, on the particles which strike the body 
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moving In the fluid. Hence, the resistance of the planes moving in the fluid, with 
the velocity here given, is diminished about -j. part of the whole, by the pressure 
behind the body ; but, with different velocities, this diminution must increase as the 
velocity increases. 

The effect of that part of the 'force which acts perpendicular to the plane being 
thus established, we proceed next to examine, what part of the whole force which 
acts parallel to the plane, is effective. To determine which, the axis wv, fig. 2, 
was fixed perpendicular to the plane of the lever abed, and the ends of the axis 
were conical, and laid in conical holes; and the thread from which the scale was 
hung was fixed to the end at e, and acted perpendicular to it, and the weight drew 
the lever in the direction es, contrary to that in which the fluid tends to move the 
leyer, and it acted at the same perpendicular distance from the axis below, as the 
fluid acted above it. Let xmz be a line parallel to the horizon, when the lever is 
perpendicular to it, and which passes through the centre of the stream; and let 
xmz be also the direction of that part of the force which acts parallel to the plane. 
This apparatus being adjusted, the experiments were made for every 10th degree of 
inclination ; and here a circumstance took, place, for which I can give no satisfac- 
tory reason. Having gone through the experiments once, and noted the results, I 
repeated them; and, to my great surprise, I found all the 2d results to be very dif- 
ferent from the first. The experiments were therefore repeated again, and the 
results were still different. Being certain that the experiments were very accurately 
made each time, l was totalfy at a loss to conjecture to what circumstance this dif- 
ference of results was owing. By repeating however the experiments, and observing 
at what point of the line xmz the centre of the stream acted, I discovered that the 
effect varied by varying that point; that it was greatest when the stream struck the 
lever as near as it could to x\ less when it struck it at the middle m; and least 
when it strnck it as near as it could to z, though the 
stream acted at the same perpendicular distance from the 
axis in each case, and the parallel part of the force always 
acted in the line xmz. At the angles 80°, 70°, 6o°, the 
fluid striking as near as it could to the edge z, gave the 
lever a motion, not in the direction xmz, but in the op- 
posite direction z mx, as appeared by taking away the scale. 

I have therefore marked such results with the sign — — , 
the motion produced being then in a direction opposite to 
that which ought to have been produced, by- that part of 
the force of the stream which acts parallel to the plane of 
the lever. The forces which are here set down, are those 
which take effect in a direction parallel to the plane of 
the lever, for every 10th degree of 'Inclination; the per- 
pendicular force being 1 oz. 17 dwt. 12gr. 


Inclin. 

80° 

i 

Edge z 
Middle m 

dwt. gr. 

• • • • 

3 3 

70 

Edge x 
Edge z 
Middle m 

10 17 

6 2“ 

60 

Edge x 
Edge z 
Middle m 

11 10 

• • • • 

7 9 

50 

Edge x 
Edge z 
Middle m 

11 52 
0 17 
8 20 

40 

Edge x 
Edge z 
Middle m 

13 21 

1 15 

8 5 

30 

Edge x 
Edge z 
Middle » 

13 15 

3 20 
7 2 

20 

Edge x 
Edge z 
Middle m 

12 15 

4 15 

5 0 

10 

Edge x 
Middle m 

11 12 
’ 5 12 
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It is a remarkable circumstance, that the effect of the fluid at z increased regu* 
larly as the angle decreased; for, though I did not measure the negative effects, I 
could "plainly perceive that that was the case; whereas, the effects at m and x in- 
creased to about the middle of the quadrant, and then decreased. At 10°, the 
obliquity was such, that the section of the stream extended very nearfy from one 
side of the lever to the other. As it appears by experiment, that the velocity of 
the fluid flowing out of the vessel, was equal te the velocity which a body acquires 
in falling down the altitude of the fluid above the orifice, the square of the velocity 
must be in proportion to that altitude. To find therefore, in this case, whether 
the resistance varied as the square of the velocity, I let the water flow perpendicu- 
larly against the plane, fig. 1, at different depths, and I always found the resistances 
to be in proportion to the depths, and therefore in proportion to the square of the 
Velocity, agreeing with what takes place when the body moves in the fluid. 

II. Experiments and Observations, tending to show the Composition and Properties 
of Urinary Concretions. By Geo. Pearson, M. D., F.R.S. p. 15. 

1. Historical Observations. — Urinary concretions have obtained their denomi- 
nations, like most other things, from their obvious properties. Accordingly, in 
our language, they are popularly known by the names Stone and Gravel, or Sand, 
from their resemblance to the -states of earth so named: and we find names of the 
same import in other languages, sueh as xitoj, (Aretaeus;) XiOu»<r»{, (Cselius Aure- 
lianus;) ;, (Aretaeus;) x.d.Jta, (various authors;) Calculus, (C«1bus and Pliny;) 
Sabulum, (various authors.) In other languages, and especially in those now 
spoken, it is unnecessary to notice names which have the same meaning. 

The notion very generally entertained, of the Hature of urinary concretions, con- 
sisted with the terms, till the last 20 years ; though the experiments of Slave, Fred. 
Hoffman, and Hales, long before showed that these substances commonly consist 
of animal matter. Galen indeed imagined that fxiypa, or viscid animal matter, ia 
the basis of animal concretions; but in his days earth was believed to be the basis 
of animal matter. Alkaline medicines were however employed by the Greek phy- 
sicians, in diseases from calculi. 

The experiments of the alchemists also made it appear, that earth was only a 
part of the matter of concretions. It was probably the observation of the deposi- 
tion and crystallization of saline bodies, which suggested the notion of urinary 
calculi being of the nature of tartar. Such was the opinion of Basil Valentine, 
and after him of Hochener, better known by the name of Paracelsus; but whether 
the latter adopted the denomination Duelech from its import, or from caprice, lias 
not been explained. Van Helmont, a century after his prototype Paracelsus, being 
struck with the experiment in which he discovered the concretion of salts in. dis- 
tilled urine by alcohol, was led to depart from his adored master’s opinion, with 
respect to the nature of calculi ; though he acknowledges the merit, of Paracelsus, 
in having discovered the solvent Ludus, a calcareous stone also called Septarium, 
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which Van Helmont says is preferable to alkaline lixivium. He also says, that 
when the archeus spirit of urine meets with a volatile earthy spirit, and does not 
aet in a due manner, a concretion will be formed; but in a healthy state, though 
all urine contains the matter of urinary calculi, no concretion can take place; be- 
cause the archeus, or vital power of the bladder, counteracts its formation. As 
to the kind of earth composing calculi, the only distinction of earths, till about the 
last half century, was into absorbent and non-absorbent; but, since the absorbent 
earths were distinguished into calcareous earth, magnesia, and alumina or clay, the 
calcareous was considered to be the earth of urinary concretions; apparently however 
* for no other reason but its obvious properties, and its extensive diffusion through 
the whole animat kingdom. 

At length, via. in 1776, the experiments of the wonderful Schede were pub- 
lished in Sweden, but were scarcely known in this country till 1785. These ex- 
periments exploded the opinion of the earthy nature of calculi, and substituted 
that of their consisting of a peculiar add, resembling the succinic, and of a gela- 
tinous matter, without any earth. Afterwards about T'CTT of their weight of lime 
was found by Bergman; which, for a cause now well known, had eluded the acute- 
Bess of Schede. Though the experiments of Schede were confessedly unques- 
tionable, and wen ably supported by the learned Bergman, some very eminent 
chemists, having 1 obtained different results by their own experiments, adopted a 
different opinion of the composition of these concretions. The immortal, and 
ever to be deplored, Lavoisier supposed these substances to’ consist of acidulous 
phosphate of lime and animal' matter,, many of them being partially fusible; but 
still it was the unrivalled Schede who discovered, that the- urine of healthy persons 
contains: s up erp ho sphate, or acidulous phosphate, of lime; and who also indicated 
the experiment which verified his opinion, that phosphate of lime is the basis of 
hone. 

Experiments have been likewise made, for the most part in- a rather desultory 
way, and most of them by persons but Kttle practised in chemical inquiries, which 
at least afford- evidence, that urinary concretions are very different. With respect td 
the proportion of the ingredients in their composition, and perhaps also in kind;. 
M. Fourcroy, who however must not be classed with inexperienced chemists, l 
believe first obtained prussic acid by fire, and by nitric acid, from these eericrd- 
v tions; >and showed that they sometimes contain phosphate of ammonia and of soda ; 
ntoich may be dissolved out of them by water. M. Fourcroy also sayS, he found 
magnesia in the intestinal, calculus of a horse; which calculus was a triple combi- 
nation, of 1 part of phosphate of ammonia, 2 parts -of. magnesia; and 1 of water, 
besides traces of animal and vegetable matter- Dr. Link, in a very elaborate dis- 
sertation, published at Gottingen, in. 1$86, or urine and calculi, concludes that 
urinary concretions consist of phosphoric acid, lime, airononria, oil,, tile bases of 
different kinds of gazes, with the acid sublimate of Scheele, though he did not 
succeed. in obtaining it- It is. a proof, of Dr. Blacks sagacity, that he was able to* 
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perceive, from a few experiments, that urinary concretions consisted of animal 
matter and the earth of bone, before the composition of this earth was demonstra- 
ted hy Gahn. 

In this historical sketch it should be noticed, that alkaline substances, ' though 
used by the Greek physicians, and afterwards by the alchemical physicians, appear 
to have been laid aside by the regular practitioners, for a century or 2 preceding 
their revival, by the famous Mrs. Stephens, in 1720. Her prescription brought 
into vogue the theory of these medicines operating by their causticity. The suc- 
cessful use, by Mr, Colborne, of pot-ash saturated with carbonic acid, according 
to the discovery of Bevvley and Bergman, and the still, further improvement in 
practice, from the use of soda, as well as pot-ash, super-saturated with carbonic 
acid, by the discovery of a peculiar method by Mr. Schweppe, have completely re- 
futed the theory of tike agency, of alkalies on the principle of causticity. It appears, 
from the preceding brief 'history', as well as from the confession of the latest and 
best: writers, that the experiments hitherto made, rather “ afford indications of 
what remains to be done, than furnish demonstrations of the nature of animal con-, 
cretions.” It is also too obvious to need explanation, that more efficacious and 
innocent practice, in diseases of these concretions, can only be discovered by a 
further investigation of their properties. It is with this view, as well as for the 
sake of chemical philosophy, that I think it my duty to submit to the b. s. some 
of the observations I have made, in the course of inquiry on this subject. 

The observations which I shall now offer, are principally on a substance, which 
my experiments inform me is very generally a constituent of both urinary atid ar- 
thritic concretions. It is a substance obtained by dissolving it out of these concre- 
tions, by lye of caustic fixed alkali, and precipitating it from the solution by acids. 
In this way, Scheele separated this matter; but he did not consider its importance, 
nor of course at all investigate its properties. He does not even seem to have been 
aware that it was a distinct constituent part of the urinary concretion ; for when he 
relates the experiment of precipitating matter from the nitric solution of calculus 
by metallic salts, no distinction is made between the precipitations in this experi- 
ment, and that in the former; yet we can now show, that in the one case the pre- 
cipitate is a peculiar animal oxide, and in the other they are metallic phosphates. 
As Scheele obtained an acid sublimate, it has been imagined by some writers, that 
the precipitate by any acid, even by the carbonic, from the alkaline menstruum, 
was an acid; the same as that obtained by sublimation, and which, in the new 
system of chemistry, has been denominated lithic acid. The following experiments 
show that these substances are different species of matter. 

2. Exper. 250 grs. of a white, smooth, laminated, urinary calculus, and the 
same quantity of a nut-brown one, with an uneven surface, jboth of which were 
of a roundish figure, were pulverized together*. 300 grs. of these pulverized 

# The object of these experiments being principally to investigate the properties of one of the con- 
stituent parts of urinary concretions, which part was previously determined by the test of nitric acid, to 
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calculi were triturated with 3 and + oz. by measure, or 5 or. by ♦eight, of lye of 
■caustic soda. The mixture became thick, and copiously Omitted ammoniacal gaz. 
After digestion for a night, and then boiling, with the addition of 5 Oz. of pure 
water, I obtained, by filtration, 5 oz. of dear colourless liquid. Boilirtg water was 
repeatedly poured on the strainer, till what passed through it Was almost tasteless, 
and remained clear, on the addition of diluted sulphuric add. 

(a) The matter remaining on the strainer, being dried, was an impalpable, white, 
tastdess, heavy powder, which weighed 96 grs. (b) ' The 5 <St. of filtrated liquid, 
having been set apart, on standing, deposited a white, opAque, {granulated, soap- 
fike matter, from a colourless clear liquid. The liquid being decanted, the deposit 
was dried, and was then an opaque, brittle, soap -1 ikfe matter, which dissolved 
readily in water, giving a clear but not viscid solution, and tasting Weakly of soda. 
This soap-Uke matter weighed 280 grs. (c) l*he decanted liqubr (b,) being mixed 
with the above filtrated liquors, on evaporation to 3 oz. afforded no deposit on 
standing, though it was a very heavy and soapy liquid to the feel; but, on adding di- 
luted sulphuric add gradually, till it ceased to become .turbid, a sediment was de- 
posited, which was a very light, white, impalpable powder, iri weight, when dried, 
2(5 grs. The liquid from which this powder was precipitated, being evaporated, 
.afforded nothing but sulphate of soda, and a few grains of crystals, which seemed 
to be phosphate of soda. There was also a blackish matter, which burnt like 
tiorn, or other animal matter. And did not leave a pink or rose-coloured matter, 
on evaporating the solution of it in nitric acid to dryness, but left a carbona- 
ceous residue; whereas, the white precipitate, so treated, afforded a- beadtifiil pink 
matter. 

(d) 250 grs. of the soap-like matter (b) being dissolved in 8 oz. of pure water; 

1 . A little of this solution, further diluted by 1 oz. of water, grew milky on adding 
'a few drops of nitric acid, but became less so on standing. On adding more nitric 
acid, and heating it, the mixture became quite clear: by adding a few drops of lye 
of caustic Soda, a very slight curdy appearance took place. 2 . On adding, to the 
same diluted solution, a little of the diluted Sulphuric or muriatic add, milkiness 
ensued, and remained, though the adds were added till the mixture was extremely 
sour. On adding lye of caustic soda, much more than to saturate the super- 
abundant add, the mixture became dear again; and, on adding the adds a 2 d time, 
the milkiness was reproduced. It was found that the milkiness could be 'produced 
and destroyed, or clearness be produced, by the alternate addition of the acid ami 
alkali, for an unlimited number of times. If the nitric acid hbvrever was used, at 
length no milkiness could he induced. If carbonate of soda was added, instead of 
the caustic soda, the mixture could not be made clear, 3. Lime water was rendered 
turbid by this solution, but I neglected to examine the precipitated matter. 4. A 
little of the solution, with the addition of a few drops of concentrated nitric Acid, 

exist in both of them, it can be no objection to the experiments, that I aide use of a mixture of g 
calculi. — Orig. 

VOL. XVIII. Ll 
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being evaporated to dryness, sometimes a pink, and at other times a blood red, or 
rose-coloured matter was left; which, by further application of. fire, became black. 

Carbonic acid, digested and shaken with, this solution, did not render it turbid. 
<5, To the whole of the remaining solution was added diluted sulphuric acid, to sa- 
turate the alkali. On standing, a copious precipitate took place, from a clear liquid; 
which precipitate, being washed and dried, was a mass of very light, mica-like, 
whitish crystals,; amounting to 123 grs. It wasestimated that the solution used in 
,the experiment J.— 5, wopltj have produced 12 grsi, and that the 30 grs. of soap- 
like matter, (b,) not decompounded, would have yielded about 14 grs. more. 

(e) The precipitate, (4 ;6,) l. Had no taste, nor smell, and did not dissolve in 
the mouth. 2. About 1 part of it only dissolved in 800 parts of boiling water; 
which solution did not redden paper stained with turnsole, nor the solution and 
tincture of this test; neither did it change turnsole paper, reddened by acid, to a 
blue colour. On cooling, the greatest part of what had been dissolved was deposi- 
ted, in a crystallized state, equally on the sides and bottom of the vessel. This 
crystallized matter had the properties above-mentioned (d.) Boiling water was 
found to dissolve a much greater proportion of urinary stone, and also of- gravel, 
than of this precipitate. 3. Lye of mild pot-ash, or subcarbonate of pot-ash, being 
dropped into the solution (e, 2,) with its crystallized deposit, the crystals at first 
seemed to dissolve; but, on standing, a great part of the matter was deposited, 
and the liquid remained turbid. 4. The precipitate being boiled with lye of car- 
bonate of soda, more seemed to be dissolved than in pure water; but the solution 
was not clear, and, on evaporating it nearly to dryness, and pouring cold water on 
it, on a paper strainer, scarcely any thing but the soda passed through with the 
water; the precipitate remaining behind on the paper. The result was the same, 
when this experiment was made with a lye of carbonate of ammonia. The result was 
also the same, with water in which red oxide of mercury had been boiled; which 
was also boiled with this precipitate, and filtrated after cooling. 5. A little of the 
precipitate being triturated with quick-lime, hot water was poured on it. The fil- 
trated liquor gave the precipitate back again, on adding muriatic acid. 6. The 
precipitate exposed to flame, with the blow-pipe, turned black, emitted the smell 
of burning animal matter, and evaporated or burnt away without any signs of 
fusion; staining the platina spoon black. 7. Five grains of the precipitate, in oz. 
of water, were left to stand in a warm room, during the months of August and 
Sept, last, without any signs of putrefaction appearing, or any obvious change 
taking place. 8. Twenty-four oz. of boiling water were saturated with the pre- 
cipitate, and divided into 6 portions; from each of which, on cooliug, most of it 
again precipitated. The first portion, on boiling with a little lye of carbonate of 
soda, the pneumatic^apparatus being affixed, discharged no carbonic acid into lime 
water; but a transparent solution was produced, and on cooling very liftle was pre- 
cipitated. The 2d portion was, in the same manner, boiled in a little lye qf caustic 
soda; which gave a transparent solution on cooling, without any precipitation* 
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The 3d portion being boiled with lime water, very little more seemed to be dissolved 
than in pure water. The 4th portion being boiled with 4 grs. of sub-phosphate of 
lime, or calcined bone, no lUore seemed to be dissolved on account of this ad- 
dition. Nor was more dissolved in the 5th portion, by the addition of 4 grs. of 
phosphate of lime, made by dropping phosphoric acid into lime water. And the 
result was the same with the 6th portion, to which were added 4 grs. of super- ' 
phosphate of lime, made by adding phosphoric acid to lime water, so as just to 
make a clear solution, and then evaporating the solution. 

9. Urine seemed to dissolve, or at least to suspend, a greater quantity of the 
precipitate than mere water; so likewise did water with a little sulphate of soda. 

10. The precipitate did not render solution of hard soap at all curdy; but, on 
adding the precipitate to solution of sulphuret of pot-ash, it became very turbid. 

11. The precipitate produced a strong effervescence, even in the cold, with nitric 
acid, but the fumes were not those of nitrous acid: there was a clear solution, 
which, on evaporation to dryness, afforded black matter, surrounded by a pink, or 
blood red margin. 12. The substance, with sulphuric acid, turned black, and 
emitted fumes copiously, which were scarcely those of sulphureous acid; and, on 
evaporation, a black mark only was left. 13. I first digested, and then boiled, in 
water, the precipitate with prussiate of iron ; but the filtrated liquor afforded no 
precipitation with sulphate of iron. 

14. Two dr., by measure, of nitric acid, of the specific gravity of 1.35, were 
poured on 7 grs. of the precipitate. A violent effervescence took place, which was 
soon succeeded by a complete solution. A few drops of this solution, being eva • 
porated on glass, left a black mark, surrounded by a pink margin. A few drops of 
nitric acid being evaporated from this residue, nothing but a still less black mark, 
and a few red spots remained. Nitric acid being added a third time, nothing but a 
black mark, still smaller, remained; which entirely disappeared, on evaporating 
this acid from it a 4th time. I found that a few drops of this solution, so diluted 
that they did not contain the t-J-*, or even a much smaller part, of a grain of the 
precipitate, on evaporation, left a pink stain* on glass. The whole of the rest of 
the solution was distilled in a very low temperature, so that a drop only fell about 
every half-minute, till a thick brownish sediment remained, with a red margin. 

A similar distillation was performed, with the distilled liquor, a 2d time, when 
there remained a little whitish thick matter. On a 3d distillation, as before, with 
the distilled liquor^ towards the close white fumes arose, and about -J- dr. of liquid. 
Which now remained in the retort, being left to stand, prismatical crystals, decus- 
sating each other, were formed. They had a sharp taste, but were scarcely sour; 
were very soluble in the mouth, and evaporated in white fumes, leaving a very 
alight black stain. 

15. Twenty grains of the precipitate were introduced into a tube, + of an inch 
wide in the bore, sealed by melting at l extremity; which extremity was coated, 
and the tube was fitly bent for retaining sublimate, and collecting gaz. The tetn- 
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perature, from the fire applied, was at first very low, bjit was, gradually increased 
so as to make the coated part, containing the charge, red-hot. 1st, thp precipi- 
tate turned black, and a little water appeared. 04 r pame oyer, which had the 
smell of empyreumatic liquor cornu cervi. 3d t a brown sublimate appeared, and 
gaz as before, bpt also with prussic scid gaaf. 4 th, black matter, staining the 
tube, as if from tar, or animal oil. On coolipg, there, was found a residue, of 
nearly 3 gr., of pure carbon. The sublimate was principally, carbonate of ammo- 
nia; the rest was animal oil. The gaz discharged was nearly -p its bulk, or 5 cubic 
inches by measure, carbonic acid; and, the remaining 5 cubic inches were pitrogen 
gaz, containing prussic acid and empyreumatic oil. 

I treated in the same manner, the same quantity of reddish crystals, deposited 
spontaneously from urine. The result was not very different from that of the 
former experiment. The gaz was more offensive, smelling like, putrid urine, aqd 
the carbonaceous residue was more copious, and contained limp and phosphoric 
acid; at least the lixivium of it became white, on dropping into it oxalic arid; and/ 
it became slightly curdy, on adding lime water. I treated, in the same manner, 
some quite round aod smooth concretions, of the size of black pepper seeds. The 
products were the same as the former, but die gaz was still more offensive, and in* 
smaller quantity; and the carbonaceous matter was more copious. In the same 
way I subjected to experiment 20 gr. of a nut-brown light calculus, which I had 
previously ascertained to contain the matter above described, which was precipitated, 
from caustic soda by acids. The products were of the same kind as the former; 
bat I could find no trace of phosphoric acid in the residue, which I did of lime^ 
and the gaz was less offensive. The carbonaceous residue was not in weight, 3 gr. 

. It will be proper, before I proceed further, to point out some of the more ob- 
vious conclusions from the above experiments. 1. It appears that at least 4. of the 
matter of the urinary concretions subjected to the above experiments united to* 
caustic soda, and was precipitated from it by acids. (2, a — d.) 2.. This precipi- 
tate does not indicate acidity to the most delicate tests; (e, 2), and, as if is inodo- 
rous, tasteless, (e, 1), scarcely soluble in cold wafer, (<?, 2), does pot unite tp- 
the alkali of carbonate of pot-asb, of soda, pr of ammonia, (e, 3, 4), nor to 
oxide of mercury, (e, 4), no? to the Bine of lime wafer, (e, 8), nor decompound!: 
soap, (e, ]0), or prussiate of iron, (e, 13), and, as its combination with caustic 
soda, resembles soap, more than any double salt known to consist of an acid and. 
alkali, this precipitate does, not belong to the genus acids. 3. As this precipitate 
could not be sublimed, without being decompounded, like animal matter, (r, 15),. 
and also for the reasons mentioned in the last paragraph, it cannot be the same 
thing as the arid sublimate of Sphgele, or the succinic arid. 4 . As it dpes not. 
Appear to be putrescible, nor form a viscid 1 solution with water, it cannot be referred] 
to the animal mucilages. 5. Ou. account of its mano|er of burning in the air, . 
under the blow-pipe, (c, 6), and its yielding, on exposure to fire in close vessels,, 
the distinguishing putts of animal matter,, especially; ammonia and prufsic acid, 
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ap weH as on account of its affording a soap-like nastier with caustic soda* this pre- 
cipitate may be considered as a species of animal matter; and, from its composition, 
being analogous to that of the substances called, in the MW system, of cbeo&i&ry, 
animal oxides, it belongs to that genus. Its peculiar and specific distinguishing 
properties are, imputrescibility, facility of crystallization, insolubility in cold 
water, and that roost remarkable property of aljl others, producing a pink or red 
matter, on evaporation of its solution in nitric acid.* 

Having found the above precipitate to be an oxidp, and not, as is commonly , 
supposed, an acid, I thought it probable that, like other analogous oxides, it was 
aridifiablp, and I suspected that l had really reodemd il into the acid state, by the 
nitric acid; which, in theabqve experiments, (<?, M>, had imparted oxygen to it, 
and so rendered it soluble, deliquescent* pungent, and volatile. This change- 
a|ao would account for the nitric solution not affording the precipitate. In order 

obtain, for examination, an adequate quantity of this supposed acid, the follow- 
mg experiments were instituted* with the 3acids, vis. the oxymuriatic, the nitro- 
muriatic, and the nitric, which osn acidify osides analogous to the present one.- 

Exper, i . Twenty-fiye grains of the above animal wide, (for so I will now veiv- 
ture to, call it), and 3 oz. of nitric acid, of the specific gravity of 1.15, were put 
into a rqtort, and the bydro?pneumstic apparatus was adjoined. At a very low 
temperature, a clear solution was made. 1 . Soon after the. solution began to boil, 
23 03., by measure, of odourless gas came over, which were succeeded, 2 , 
by white fames, filling the apparatus, and 23 os. more of gas. 3 . A- white 
sublimate ascended, and< there was a strong smell of prussic acid. The sublimate 
was very readily washed out, being very soluble, , and tasted pungent or sharp, but 
not sour. 4 The distillation bring renewed, more white sublimate appeared, but 
Only, 3 025. more of gas came over; and: then the retort only contained a dark-brorax 
solid matter- The first portion of gas, viz. 23 os., consisted of about equal bulks • 
qf carbpnip arid and atmospherical; air. The 2d portico, vis. 23 oz., was } of its 
bulk carbonic arid, and the rest nitrogen gas. The 3d portion, or 3 oz., was 
atfnpfpbericri air, with a little carbonic acid. 

Nitric arid was poured, in. the same quantity aa before, into the retort; An 
effervescence immediately took (dace, which was succeeded by a transparent solu- 
tion, The distillation yielded gas of the same kind as before, but in smaller 
quantity, with, white fumes, and white sublimate. When only, about 4-dr., by 
measure, of liquid remained in the retort, a little of it was evaporated; and, when 
reduced to a. sol id matter, it turned black, and took fire, leaving a carbonaceous 
residue; but,, before tbtf, a maigin of beautiful piuk matter appeared. 

* It it much to be wished, that we jiossmied equally delicate testa of tbe other species of aoiputi 
Matter, which are confounded together, though, from their obvious properties, there it reason to be- 
lieve that they are of very different kinds, as is thocase with tbe matter of tbe brain, liver, voluntaiy 
qnpsdes, tpopus, |cc. Hpnty Km diaoo ve red a I MI0 p a * t r P“r *"4 fioe is • 

W q ft qfipaiy congjt^— Qri*. 
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Nitric acid was poured, as before, into the retort, for the 3d time, but very 
little gaz ascended, and much less white fumes than before. The distillation pro- 
ceeded, till about 1 dr. measure of liquid remained in the retort: this being left to 
stand, prismatic crystals were formed in a very small quantity of liquid. These 
crystals did not taste sour, but sharp, and they reddened turnsole-paper. Adding 
a little soda to a part of. them, to see whether I could form a neutral salt, I was 
surprized by the extrication of ammonia. To another portion of crystals, I 
added sulphuric acid, which disengaged nitric acid. A 3d portion of crystals, being 
exposed over a lamp, wholly evaporated, without leaving a mark behind. The 
remaining matter in the retort being examined, was found to be nitrate of ammo- 
nia. It was plain that the nitric add had, by parting with oxygen to the carbon 
of the oxide, formed carbonic acid. The carbon being thus carried off, of course 
the nitrogen and hydrogen of the oxide uniting produce ammonia, which, uniting 
with the redundant nitric add, composes nitrate of ammonia; but great part of 
the nitrate of ammonia was carried off in the vapour state, exhibiting white 
fumes, and sublimate, as above observed. The mode of making the experiments 
with the other adds was of course different from the former experiment. 

Exper. 2. Twenty-five grains of the above animal oxide, and 4- oz. of water, were 
put into a bottle capable of containing 3 pints; a stream of oxymqriatic add gaz, 
from manganese and muriatic add, was made to pass into the bottle, and on the 
charge, for 12 hours; and, for 24 hours more, oxymuriatic gaz kept issuing, but 
in smaller quantity, and circulating through the bottle^ The oxide, by this time, 
was completely dissolved. On adding lime to a little of the solution of it, ammo- 
nia was disengaged; and, on addiog sulphuric acid, there was a disengagement of 
oxymuriatic add. On evaporation however I obtained nothing but muriate of 
ammonia, with which was mixed a little manganese. In this experiment, I could 
not doubt that the carbon had been carried off, in the state of carbonic add, by 
the oxygen of the oxymuriatic add; and thus ammonia was compounded, from the 
union of the 2 remaining constituent parts of the oxide, viz. the nitrogen and 
hydrogen. The oxymuriatic add, united to the ammonia, parted with oxygen, 
and became muriatic add during evaporation; hence, muriate of ammonia was 
formed. 

Exper . -3. The above experiment was repeated, only the gaz was nitro-muriatic 
gaz, from a mixture of nitric and muriatic adds. The result was the same as in 
the last experiment, except that the product was a mixture of nitrate and muriate 
of ammonia. 

I made other experiments of the same kind, but their results were so nearly the 
same as those above related, that I shall not give an account of them. By the 
unexpected issue of these experiments, all my hopes of acidifying the animal oxide 
were exploded; but I am indebted to that pursuit, for the curious discoveiy of the 
change of the most common basis of urinary concretions, the animal oxide, into 
ammonia and carbonic acid, by the oxygen of the above adds; which will be 


Digitized by 


Google 



VOL, LXXXVIII.J PHILOSOPHICAL TRANSACTIONS, 263 

foqnd extremely important, as it enables us to interpret many phenomena, in a va- 
riety of cases besides the present. It' now appears, that the inflammation men- 
tioned in 1 of the above experiments, and which also happened in several others^ 
■on evaporation of the nitric solution of the animal oxide, was from the nitrate of 
ammonia, the nitrum flammans of the old chemists, compounded in those expe- 
riments. This inflammation takes place sometimes on evaporation of nitric solu- 
tions, both of urinary concretions, and of urine itself evaporated to the state of 
soft extract, on account of the ammonia already existing in these substances. 
The composition of ammonia also explains the disappearance of the whole matter 
of some sorts of urinary concretions, a very small residue of black matter ex- 
cepted, by repeated affusion and evaporation of nitric acid, from the solution of 
them in this menstruum. 

It remains for me to give an account of the 96 grs. of powdery matter left on 
the paper-strainer, (a) ; which are the insoluble portion, in lye of caustic soda, of 
300 grs. of urinary concretions. 1. A small portion of the insoluble matter, 
being exposed to flame with the blow-pipe, did not turn black, nor yield any smell of 
animal matter; but it became whiter, and I could just agglutinate the powder into 
one mass, though I was unable to render it fluid. 2. The flitrated liquid, frpm a 
little of the matter boiled in water, became very turbid and white with oxalic acid: 
with lime water was barely curdy; and it did not alter the colour of turnsole, or 
of violet juice. 3 . The matter dissolved completely in muriatic acid, and also in 
nitric acid, without effervescence. 

This nitric solution, having been evaporated, to carry off most of the free acid; 
instantly became very curdy on the addition of lime water. , It became thick and 
white on adding sulphuric acid-, yielding a copious precipitate of sulphate of lime. 
One portion of the supernatant liquor on this precipitate, on evaporation, afforded 
an extract-like matter; which readily melted, as phosphoric acid does when it is 
mixed with a little earthy matter. To the other portion of this supernatant liquor 
was added liquid caustic ammonia, producing a precipitate which afforded no sul- 
phate of magnesia with sulphuric acid. From these experiments it appears, that 
the above 96 gr. of insoluble matter consisted of phosphate of lime. Accordingly, 
the 300 gr. of urinary concretions examined, appear to contain. 

Peculiar animal oxide . 175 grs. 


Phosphate of lime. 96. 

Ammonia, {and most probably phosphoric add united to the 
ammonia), water, and common mucilage, of urine, which 
were not collected and wdghed, by estimation. 29 


300 

I shall next relate some experiments, made in order to obtain the add sublimate 
of Scheele, or lithic add of the new system of chemistry. 100 grs. of an urinary 
concretion, which had been previously found to contain principally the above: 
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animal oxide, were introduced into a tube -f of an inch wide; which Was sealed at 
one end by fusion, and which also was fitly bent for collecting sublimate, and ob- 
taining gaz. The sealed end was coated and exposed to fire, first to a low tempe- 
rature, and gradually to a very elevated one. 1. Gaz was discharged, which had 
the smell ©f burning bone. 2. Water appeared boiling ’immediately over the 
charge, which seemed to be burning, and was turned black. 3. Gaz was dis- 
charged, of the smell of empyreumatic liquor cornu cervi, and about -j- a drachm 
of this liquor was in the upper part of the tube. 4 . A brown sublimate of carbo- 
nate of ammonia appeared in the cold part of the tube; but in the hotter part, 
near the charge, was tar-like matter, and the gaz discharged had a very offensive 
smell of empyreumatic animal oil, with which was mixed that of prussic acid. 
The coated part of the tube was kept red-hot, for some time after gaz ceased t6 
come over. The quantity of gaz amounted to 24 oz., by measure: it consisted 
of nearly 1 6 oz. of carbonic acid gaz, and the rest Was air, with a larger propor- 
tion of nitrogen gaz than is contained in atmbspheric air. 

5. There was a residue of 30grs., almost pure carbon; and t<Xgrs. of heavy 
black and brown matter, a little above the coated part of the tube. In this last- 
noentioned matter were many smalt white spicula. At about \ an inch above the 
carbonaceous residue, dark grey matter had been raised, which weighed 15 grs. 
This sublimed £rey matter did not contain any ammonia, nor throw down any 
prussiate of iron, with sulphate of iron. It reddened turnsole paper and tincture. 
It dissolved in caustic soda; from which solution muriatic acid precipitated nothing; 
for, though on dropping it into the solution nrifkiness appeared, the liquid soon 
became dear again. 

10 grs. of this sublimate dissolved in 4 oz. of boiling water; which being evapo- 
rated to 4- an oz., there was, on cooling, a copious deposit of white spiciila.* 
The sublimate had a sharp, but not sour taste. Being boiled in muriatic acid, 
and also in nitric, it did not dissolve at all ; but remained, on evaporation to dry- 
ness, in the same state as before; and it must be particularly observed, that it left 
no red or pink matter, on evaporating the nitric acid from it. Sulphuric acid did 
notact on it in the cold; but, when heated, it dissolved it, without effervescence, 
from which solution nothing was precipitated by caustic soda? oh evaporating it to 
dryness, black fumes arose, leaving b£hihd only a blade stain. This sublimed 
matter did not render lime water turbid. Boiled in muriatic acid, so as to carry off 
all but a very little free acid, on the addition of lhne water there was no turbid 
appearance, but milkiness ensued on adding oxalic acid. The spicula, in the lO 
grs. of sublimate above-mentioned, seemed to be of the same nature as the matter 
just .described. The whole of this sublimate amounted, by estimation, to 18 
grs.; and I apprehend it is the acid sublimate of Scheele. The sublimate of car- 

* From the deposition of these spicula by cooling, and from many of the following properties, they 
appear to be analogous to benzoic add.— Orig. 
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bonate of ammonia amounted to 20grs.; and it was black empyretimattc animat 
oil which stained the tube. 

This experiment was repeated, on 120 grs. of a nut-brown, very light, urinary 
concretion. The result was not very different from that of the former experiment, 
except that the gaz contained a portion of hydrogen gaz. There were 30 grs. of 
the above described spicula, principally mixed with carbonaceous matter: they were 
light, aud had only a very slight sharp and bitter taste. The experiment repeated 
a 3d time, with 80 grs. of urinary concretion, afforded 1 5 grs. of the white spicula 
above described, mixed with carbonaceous matter. These I found did dissolve in 
a large proportion of muriatic acid; which solution yielded them, on evaporation, 
in the same state as before. Under the flame applied by the blow-pipe, they first 
melted, and then evaporated, without any smell; leaving a slight black mark. 
Turnsole was reddened by these spicula. In a 4th experiment, I found the white 
spicula contained in the carbonaceous matter united, on boiling, with carbonate of 
soda, as well as with caustic soda; but, as before, muriatic acid precipitated nothing 
from the solution. These spicula could not be dissolved in nitric acid; nor did the 
solution of them in water become turbid with oxalic acid. Their taste was, as 
before, rather bitter and sharp than sour. A very suffocating smell Issued forth, 
on breaking the tube used in this experiment, but it was not from sulphur, nor 
from prussic acid. 

These experiments afford evidence of the wide difference between the animal 
oxide above described and the add sublimate of Scheele.* If this conclusion be 
allowed to be just, it will be necessary to give a name to this urinary animal oxide. 
Agreeably to the printiples of the new chemical nomendature, the name should 
be lithic oxide. But the term lithic is a gross solecism; and I trust that philolo- 
gical critics will find the name ouric or uric oxide perfectly appropriate; for, if it 
be thought objectionable, on account of the existence of the matter in arthritic as 
well as urinary concretions, still philology will allow its admission, as in other 
similar cases, «»f it being found in greater abundance, by far, in the uri- 

nary passages, than in other situations, and therefore falling under common ob- 
servation as an ingredient of the urine. If however the term of lithic oxide, or 
any other denomination, shall obtain acceptance, I shall very willingly adopt it. 

It requires no 6agadty, in a person acquainted with the facts of the ' preceding 
experiments, to perceive that they are applicable to a variety of uses in chemical 
investigation, and in the practice of physic. The latter I of course take no notice 
of in this place; but, relative to the former uses, I shall particularly point out, 
that we are now able not only to detect, in the easiest manner, the presence of 

* From these experiments, it now appears very doubtful whether the lithic acid of Scheele exists as 
a constituent of urinary concretions, or is compounded* in consequence of a new arrangement taking 
place, of the elementary matters of the concretion, by the agency of fixe ; but it is demonstrated, that 
the urinary animal oxide is really a constituent part* and even a principal one, of almost all human 
urinary calculi.— -Orig. 
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the minutest proportion of the above animal oxide in urinary concretions, and also 
in other substances, but even to determine its proportion to the other constituent 
parts, in the space of a few minutes, in most cases, and in all in a very little time, 
without any other apparatus than nitric acid, a round bottomed matrass or glass 
dish, and a lamp. By this method, I have, in a general way, examined above 300 
specimens of concretions, of the human subject and other animals, principally 
urinary ones; and also many from other parts, particularly those from the joints. 
For these opportunities I am beholden to several professional gentlemen; whose 
willingness to furnish me with specimens, I shall have much satisfaction in acknow- 
ledging on a future occasion. At present, I must acknowledge my obligations to 
Mr. Heaviside, in whose museum I found between 700 and 800 specimens. The 
liberal possessor of this treasure offered me, what I could not have taken the 
.liberty of requesting, viz. permisson to break off pieces from any of the articles, 
for experiment. Mr. Edward Howard did me the honour to take on himself the 
task of writing down the reports, and otherwise assisted me. At this time I shall 
only mention, 1. That out of 200' specimens of urinary calculi, not more than 6 
did not contain the animal oxide above described, i. e. about 32 out of 33 con- 
tained it. 2. That the proportion of this oxide was very different; varying from 
y-fr exclusive of water, to -i-H; but, for the most part, varying between ^ and 
-i-H-.* 3. That the common animal mucilage of urine is frequently found in con- 

cretions, in very different proportions; but is perhaps never a principal constituent 
part of them. 4. That the above animal oxide was not found in the urinary concre- 
tions, or any other, concretions, of any animal but the human kind. 5. That 
this animal oxide was found also in human arthritic calculi, but not in those of the 
teeth, stomach, intestines, lungs, brain. See. 

r. s. I think proper to subjoin a few experiments, made after the preceding 
paper was written, which afford evidence of the truth of some of my conclusions, 
and enable us to explain several properties of animal concretions. 

1. On a urinary concretion from a dog . — This calculus may be said to be a great 
curiosity, for it is probably the only specimen in London. I owe the opportunity 
of examining it to Mr. H. Leigh Thomas, who met with it in the course of his 
dissections; and therefore we have unquestionable authority, that the concretion 
was really from the urinary bladder of a dog. It is worthy to be noticed, that the 
animal appeared to be in perfect health. This concretion is of an oval figure; is 
3^ inches in length, and 3 inches in breadth; is white as chalk; its surface is 
rough and uneven. Being sawed through longitudinally, no nucleus was found, 
nor was it laminated, but near the centre it was radiated, and contained shining 
spicula. In other parts it was, for the most part, compact and uniform in its, tex- 
ture. It weighed nearly 10-1- oz. Its specific gravity was found to be greater than. 

* In some urinary concretions, the interior part contained this oxide, And the exterior parts had none 

it On the contrary, in other urinary cottretions, the exterior part contained it, and the interior 
part did not. — Orig. 
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that of human urinary concretions, in general; which I have learned by experi- 
ments is also the case with urinary and intestinal concretions of other brute ani- 
mals, especially with those of the horse. The specific gravity of the present 
calculus was 1 . 7 . That of one from the urinary bladder of the human subject, 
of the sort called mulberry calculus, and which consisted almost entirely of uric 
oxide, was 1.609. That of another human urinary concretion, of the same com- 
position as the former, but quite smooth, extracted by Mr. Ford, was 1.571. 

1. The present calculus of the dog had no taste, nor smell, till exposed to fire. 
2. Under the blow-pipe it first became black, and emitted the smell of common 
animal matter; it next smelt strongly of empyreumatic liquor cornu cervi, and, 
after burning some time, became inodorous, and white, and readily melted, like 
super-phosphate of lime. 3 . On trituration with lye of caustic soda, there was a 
copious discharge of ammonia. 4 . It dissolved on boiling in nitric acid: the 
solution was clear and colourless; and, on evaporation to dryness, left a residue of 
white bitter matter, which, under the blow-pipe, emitted weakly the smell of 
animal matter. 5 . On distilling a mixture of I 50 grs. of this concretion pul- 
verized and 24- pints of pure water, to 3 oz., the distilled liquid was found to con- 
tain nothing but a little ammonia. The 3 oz. of residuary liquid, being filtrated 
and evaporated, yielded 20grs. of phosphate of ammonia, with a little animal 
matter; and the residuaiy undissolved matter amounted to 67 grs. 6. These 67 
grs., being triturated with 4 oz. of caustic soda lye, discharged very little ammo- 
nia. On distilling this mixture to l oz., a very small proportion only of ammo- 
nia was found in the distilled liquid. The residuary oz. of alkaline liquid was 
filtrated, and mixed with the water of elutriation of the undissolved matter. One 
half of those liquids, on evaporation to dryness, afforded a dark brown matter, 
amounting to 20 grs., which consisted of phosphate of lime and animal matter. 
To the other half of the alkaline liquids was gradually added muriatic acid, which 
occasioned a deposit, in small proportion, of matter that dissolved in nitric acid, 
but which, on evaporation to dryness, left behind only a brbwnish matter, consist- 
ing of phosphate of lime and animal matter. 7. The residuaiy insoluble sub- 
stance in caustic lye, (6), under the blow-pipe, first turned black, and then white, 
bat could not be melted. By diluted sulphuric acid it was decompounded. On 
the addition of nitrate of mercury, to the filtrated liquid, it yielded phosphate of 
mercury; and with oxalic acid, it afforded oxalate of lime; but ho sulphate of 
magnesia was found remaining after these precipitations were produced. These 
experiments fully demonstrate, that the above concretion of a dog contained none 
of the uric or lithic oxide above described, but that it consisted, principally at least, of 
phosphate of lime, phosphate of ammonia, and animal matter. The present instance 
leads me to explain the reason of the fusibility of calculi. This is demonstrated, by the 
above experiments, to depend on the discharge and decomposition of the ammonia 
of the phosphate of ammonia, during the burning away of the animal matter;, 
hence the residuary phosphoric acid readily fuses, and, uniting to the phosphate of 
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lime* composes superphosphate of lime, a vary fusible substance. The phosphate 
of ammonia being dissolved out by water,, or caustic alkaline Jye, the remaining 
matter is infusible, being phosphate of lime. A very hard, brittle, and blackish 
intestinal calculus of a dog, from Mr. Wilson, was found to be of greater spe- 
cific gravity than human urinary calculi, and to have the same composition as that 
of the dog above described. This also was found to be the composition of a 
white, smooth, round, intestinal calculus of a horse, the specific gravity of which 
was I.791. The same composition was discovered, on examining a very hard,, 
grey, brittle, laminated, quadrilateral concretion, said to be from the urinary 
bladder, but which, I think, was more probably from the intestine?, of a horse. 

2. On a calculus from the urinary bladder of a rabbit . — This is also a curiosity,, 

being the only instance I have seen. I am also indebted to Mr. Thomas for this 
specimen, which he very kindly sent me, fitted up as a preparation, included in 
the bladder itself. Mr. Thomas found this concretion, on dissecting a perfectly 
healthy and very fat rabbit. This specimen is spherical, and of the size of a smalt 
nutmeg. It is of a dark brown colour, has a smooth surface, is hard, brittle, and 
heavy. When broken, it appeared to consist of concentric laminae. Its specific 
gravity was 2. 1 . Under the blow-pipe it became black, and emitted the smell of 

animal matter while burning; at last it ceased to emit any smell; and urged with 
the intensest fire, showed no signs of fusibility. 2 . It readily dissolved, with 
effervescence, like marble, in both muriatic and nitric acids, giving clear solutions. 
3. The nitric solution (2) being evaporated partly to dryness, and partly to the 
consistence of extract, the dry residuary matter was white; and the extract-like 
matter, which was bitter, could not be fused under the blow-pipe; but, when 
brought to the Aate of a powder, its particles were made to cohere loosely toge- 
ther into one mass. 4. On dropping sulphuric acid into the muriatic solution (2), 
turbidness, and a copious white precipitation, immediately ensued, from the com- 
position of sulphate of lime. 

From these experiments it is warrantable to conclude, that the above urinary 
calculus of a rabbit consisted principally of carbonate of lime and common animal 
matter, with perhaps a very small proportion of phosphoric acid: it certainly con- 
tained no uric oxide. I examined, in the same manner, a concretion which was 
said to be from the stomach of a monkey ; but I have not evidence of its origin 
equally satisfactory as that of the last 2 calculi. Its composition was found to be 
similar to that of the calculus of the rabbit, viz. carbonate of lime and animal 
matter. Its obvious properties were also the same, it was of the size of the largest 
nutmeg 

3. On urinary concretions of the horse . — I examined several specimens in cabi- 
nets, said to be vesical calculi of the horse, and found none of them to contain 
the uric oxide above described; but that they consisted, as well as the calculi from 
the stomach and intestines of the same animal, of phosphate of lime, phosphate 
of ammonia, and common aniiqal matter, which melted like superphosphate of 
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lime, after burning away the animal matter and ammonia. Aa these, and' some 
other experiments, seemed to concur in establishing an important truth, I thought 
it necessary to examine a urinary concretion of a horse, which, from its figure and 
size, was unquestionably from the kidney of that animal; for I hare found by ex- 
perience, that one cannot depend entirely on the accounts in cabinets, nor indeed 
sometimes on the assertions of persons who collect specimens. 

l. This concretion, which Dr. Baillie was so good as to gire me, was of a 
blackish colour, was very brittle and hard, and had no smell or taste. It felt 
heavier than human urinaiy calculi. 2. Under the blow-pipe it became quite 
black, and .emitted the smell, weakly, of common animal matter. It was reduced 
very little in quantity, and showed no appearances of fusibility, after being exposed 
for a considerable time to the mo6t intense fire of the blow-pipe. 8. Muriatic acid 
dissolved this concretion, with effervescence, yielding a clear solution; which, on 
evaporation to dryness, left a black and bitter residue. 4. A little of the residue 
(3) being boiled in pure water, to the filtrated liquor superoxalate of pot-ash was 
added; which occasioned a very turbid appearance, and copious white precipitation. 
5. Nitric acid also readily dissolved this concretion, with effervescence. The solu- 
tion being evaporated, partly to dryness, and partly to the consistence of an extract, 
the dry residuary matter was white and bitterish, and the extract-like part showed 
no signs of fusibility under the intensest fire of the blow-pipe. 6. A little of the 
concretion, being triturated with lye of caustic soda, emitted no smell of ammonuu 

From these experiments it appears, that this calculus, like the former one from 
a rabbit, consists of carbonate of lime and common animal matter. A r enal cal- 
culus of a horse, in Mr/ Heaviside’s collection, appeared, on examination, to con- 
sist of carbonate of lime and common animal matter. Another specimen however 
of renal calculus of a horse, in the same collection, marked N° 3, was found to 
consist of phosphate of lime, phosphate of ammonia, and common animal matter. 
It was fused under the blow-pipe. The specimen marked N° 8, in the same col- 
lection, which was said to be a vesical calculus of a horse, appeared to co n s i st of 
the 3 ingredients just mentioned. 

I have met with 2 instances of a deposit of a prodigious quantity of mat te r in 
the urinary bladder of horses, which had not crystallized, or even concreted: it 
•mounted, in 1 specimen, which was given to me by Dr. Marshall, to several pounds 
weight; and in the other, which is in the possession of Mr. Horae, to about 45 lb. 
Its composition was principally carbonate of lime and common animal matter I 
have not found any instance of human urinary calculi of a similar composition ta 
that of the rabbit, and those of horses above described, which consist of carbonate 
of lime and animal matter; and I believe that human urinaiy calculi very rarely 
occur of a similar composition to those of the dog and horses above-mentioned 


* Since this paper was read, Mr. B lizard has been so attentive as to send me another specimen of the 
same kiod of deposit as those here mentioned. It now appears probable, that such deposits frequently 
take place, though I believe they have not been noticed before. — Orig. 
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which were found to consist of phosphate of ammonia, phosphate of lime, aud 
animal matter, without containing uric oxide. The difference in the constitution 
, of urinary concretions may depend on the difference of the urinary organs of dif- 
ferent animals, on the food and drink*, and on the various diseased and healthy 
states of the urinary organs. 

" I have not found the uric oxide in the urinary concretions of any phytivorous 
animal; but whether it would be formed in the human animal when nourished 
merely by vegetable matter, must be determined by future observations. In the 
mean time, it is warrantable to conclude from analogy that it would not, and the 
application of this fact to practice is obvious; but I now purposely avoid making 
any practical inferences, till I can, at the same time, state a number of facts I have 
collected,' relative both to concretions and to the urine itself. 

III. On the Discovery of Four Additional Satellites of the Georgium Sidus. The 
Retrograde Motion of its old Satellites Announced ; and the Cause of their Dis- 
appearance at Certain Distances from the Planet Explained. By Win. Herschel, 
LL. D.y F.R.S. p.47. 

Having lately been much engaged in improving my tables for calculating the 
places of the Georgian satellites, I found it necessary to re-compute all my obser- 
vations of them. In looking over the whole series, from the year of the first dis- 
covery of the satellites in 1787 to the present time, I found these observations so 
extensive, especially with regard to a miscellaneous branch of them, that I re- 
solved to make this latter part the subject of a strict examination. The observa- 
tions alluded to relate to the discovery of 4 additional satellites: to surmises of a 
large and a small ring, at rectangles to each other: to the light and size of the 
satellites; and to their disappearance at certain distances from the planet. In this 
undertaking, I was much assisted by a set of short and easy theorems I had laid 
down for calculating all the particulars respecting the motions of satellites; such as, 
finding the longitude of the satellite from the angle of position, or the position 
from the longitude: the inclination of the orbit from the angle of position and 
longitude: the apogee: the greatest elongation; and other particulars. Having 
also calculated tables for reduction; for the position of the point of greatest elonga- 
. tion; and for the distance of the apogee, or opening of the ellipsis; and also con- 
trived an expeditious application of the globe for checking computations of this 
sort, I fdund many former intricacies vanish. By the help of these tables and 
theorems, I could examine the miscellaneous observations relating to additional 
satellites, on a supposition that their orbits were in the same plane with the 2’al- 
ready known, and that the direction of their motion was also the same with that 
of the latter. 

* I found the stomach-concretion called Oriental Bezoar, to consist merely of vegetable matter; as 
did the intestinal concretion of 9 sheep.— Orig. 
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Andhere I tele an opportunity to announce, that the motion of the Georgian 

T" *° ** a re “»A*W« instance of the g^t 
vatKl, ttat^e, place among the moeement. of the heavenly bodies. -Hitherto 

all the planets and satellites of the solar system have been found to direct their 
course according to the order of the signs; even the diurnal or rotatory motions 
not only of the primary pbmrts but also of the sun, and 6 of their secondaries or 
aatelhtes, now are known to follow the same direction; but here we have 2 con 
siderable celestial bodies completing their revolutions in a retrograde Older 
' fT <° the examination of the miscellaneous observations, the 'result of 
which ha, been of considerable importance, and will be contained in this pap£ 
The existence of 4 additional satellites of our new planet will be proved The rej 
aervations which tend to ascertain the existence of rings not applying to be Ltil 
factory supported, it will be proper tlrnt surmises of them stoE eiLr L gT 
up, as .11 founded, or at leant reserved tiU superior instrument, can be provided to 
throw more hght on the subject. A remarkable phenomenon, of the vaniS. Z 
the satellites will be shown to take plaoe, and its cause animadverted on. I shall 
now at the first place, relate the observations on which these conclusion, m«t 
rest for support, and afterwards join some short mguments, to show that Tv 
results me fairly deduced from them. For the sake of perspicuity, I shall armn« 
. he ukservationa under 3 drffcrent heads; and begin with those which relate to tS 
discovery of additional satellites. -A great number of observations on supposed 
satelhtes, that were afterwards found to be stars, or of which it could notbH^ 

tested thCy ^ ° r SateUite8 > for want weather, wiUon* 

Dr. H, first transcribes, from his journal, a number of reports and observations 
of . a miscellaneous nature, some indicating suspicions of satellites hut .. * 
showing only small W stars. THese obivathL extond 

lowing remarks! 782 ’ ^ * 797 ' 0 “ the Who1 * Dn H * maJces the8e ^ 

An interior satellite.— The observation of Jan. 18, 1790, says, « a supoosed 
3d mtellite ,s about 2 diamrters of the planet following.” ThJisnotthT^ 
doubt expressed about the existence of the satellite, or object in question whS. 
therefore must be considered as ascertained. Now the anirle of th* ’ . * 

donation of the G^gi ? satellite by m, new 

was 81° 33 n . p . Therefore the angle of the apoeee was 8° ay « J 7 ' 

by obrentation, the satellite was « following,” TSt any mention oTd^T 
being made, we may admit it to have been not for from the pmallel; suppJT 

7 , 8 ‘ F * thlS Caa f’ the 841611,16 would be in the apogee about the time of 

the 2d observation, at 7 h 5 7 »; which says, « I cannot pensive the satellite " But 
it wdl be shown hereafter, when I come to treat of the vanishing of the satellite 

heU Jn * COme mvi8ib,e in thi8 8ituation * Indeed without the supposition o£ 
the satellites coming to the apogee, it might easily happen that the leastXnge in 
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the clearness of the air, during a time of l h S', which elapsed between the first 
and second observation, might render an object invisible, which, as the first ob- 
servation says, was “ excessively faint, and could only be seen by glimpses.” 

From the observed distance, which is put at “ 2 diameters of the planet,” we 
may conclude what would be the distance of its greatest elongation. For, 2 diame- 
ters from the disc of the planet give Oj- from the centre. Now, the distance of 

the apogee at this time, by my tables, was .64, supposing that of the greatest 

2 5 x 12 

elongation 1 j therefore we have the radius of its orbit — — -j - — : — = l6\l. 

This calculation is not intended to determine precisely the distance of the satel- 
lite, but only to show that its orbit is more contracted than that of the I st, and 
that consequently it is an interior satellite. 

If any doubt should be entertained about the validity of this observation, we 
have a second, and very striking one, of March 5, 1794; where an interior satel- 
lite was suspected south following the planet, at one-third of the distance of the 
1st. March 4, when a description was made of the stars, as in figure 4, this 
satellite was not in the place where it was observed the 5th. And, by an exami- 
nation of the same stars March 7, it appears, that even the smallest stars n m o, 
of the 5th, were' seen in their former places, but not the satellite. The observa- 
tion therefore must be looked upon as decisive with regard to its existence. If any 
<loubt should arise, on account of the suspicion not being verified with 480, I 
must remark, thkt being used to such imperfect glimpses, it has generally turned 
out, even when I have given up as improbable the existence of a supposed satel- 
lite seen in that manner, that it has afterwards nevertheless been discovered that a 
small star remained in the place where the satellite had been suspected to be situa- 
ted. From the assigned place of this satellite, at -J- of the distance of that of the 
first, it appears that this observation belongs to the interior satellite of Jan. 18, 
1790, which has already been examined. The 1st satellite was this evening at its 
greatest elongation, of which is about ll # . The apogee distance of a satellite 
whose greatest distance is 16*. 1 would have been 6 / '.l on the day of our observa- 
tion ; but not bong come to the apogee, by many degrees, it could not be so 
near the .planet. 

For the sake of greater precision, let us admit that the satellite was exactly 
south following ; that is 45 0 from the parallel, and 45 from the meridian ; then, 
by calculation, a satellite whose orbit is at 16*. 1 from the planet, would, in the 
situation now admitted, have been 7 *. I from its centre, which might coarsely be 
rated at -J- of the distance of the first. But the estimation of 1 1" is probably more 
accurate than that in the 1st observation, where 2 diameters are given. And, by 
calculating from this quantity, we find that the greatest elongation distance of the 
satellite is 25".5 ; now putting 24. diameters in the first observation, instead of 2, 
the distance deduced from it will come out 19".3 ; which is certainly an agreement 
sufficiently near to admit both observations to belong to the same satellite. 

March 27, I794, was a 3d observation, which will assist in supporting the 2 
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former. A glimpse ofa eateMHe is mentiohed, which was preceding the 1st, hut 
nearer the planet . 1 The positions of *the 1st satellite the same evening was, by 
measuring, found to he W.\ n. f. which is still a considerable way from its great- 
est elongation ; but our new 1 satellite preceded it, and was therefore more advanced 
in its orbit, or nearer its greatest distance: and yet the observation says, that it was 
not so far from the planet as the 1st ; though this latter was in a more contracted 
part of its orbit. It follows therefore that this was also an interior satellite. NoW, 
since we may allow these 8 efeservations to belong to the same, we ought not to 
make a distinction ; but admit, as sufficiently established, the existence of at least 
one interior satellite of our new planet. 

An intermediate Mteilrte.—L March 26, 1 794. A satellite was suspected, directly 
north of the planet. At first it could not be verified, hut was seen perfectly well 
afterwards. It was supposed that probably it- might be a star, but this was left urt- ' 
decided. The observation of March 27th however removes all doubt on the sub- 
ject; as it fully affirms that the small star observed the 26th, at ll h 32 m , was 
gone from the place in which it was the day before. Such Strong circumstance* 
Are mentioned in confirmation, that we cannot hesitate placing this among the list of 
existing satellites. It was not the interior satellite of Jan. f8, 1790 ; for both the 1st 
and 2d known satellites were in foil view March 26th ; and the observation places 
this new one in a line drawn from the planet continued through the 1st ; with the 
remark, that it was a little farther from the planet than the 1st. The 2d was then 
near its greatest southern elongation, and we may perceive that the orbit of this 
new satellite is situated between the orbits of the other two. 

We have a 2d observation of the same satellite March 27, ] 7Q4 ; where, among , 
the glimpses of additional satellites at 1 l h 41*, is mentioned one in a place proba- 
bly agreeing with the new satellite of March 26th, which, by its motion, must 
have been carried forward, so as to be where the observation of the 27tK says it 
was, namely, a little farther off and after the 1 st ; that is, at a little greater dis- 
tance from the planet than the 1st, and not so far advanced in its orbit as that 
Satellite. This amounts not only to an additional proof, but even announces the 
recognition of the satellite, and its motion in the course of one day. 

An exterior sateitite. — 'Feb. 9, 1790. A new satellite was seen, in a line With 
the planet and the 2d satellite. To convince us that this was not a fixed star, wd 
have the observatipns of 2 other nights, the 1 1th and 12th of Febrdary, wheite the 
removal of it, from the place m which it was Feb. 9, is clearly demonstrated. ' As 
it was in a line continued from the planet through the 2d satellite, its orbit must 
evidently be of a greater dimension than that of the 2d ; I shall therefore set it 
down as an exterior satellite. Most likely this satellite also was seen among the 
supposed satellites south of the planet, March 27, 1704 ; where we find mention' 
made of some others south, at a good distance. In that case, this will make a 2(1 , 
observation. 

We have a 3d observation of the same new satellite, March 5, 1796 ; when. 
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very small star was seen, in a place where the evening before there had been none ; 
as appears by the configuration of the 5th of March. At the time of the obser- 
vation, the planet was come to the longitude of the place where the star was per- 
ceived to be ; which agrees with the idea of its having been brought to that situr 
ation by the planet. It may be objected, that the star could not be verified with 
a power of 600 ; but here we have more than a bare suspicion of the satellite, for 
the observation says, I had a pretty certain glimpse of it ; and this appears also 
from the a96igned place of the star at the intersection of 2 given linea. For, such 
a delineation could not have been made, without having perceived it with a consi- 
derable degree of steady vision. Its distance, to judge by the description, will agree 
sufficiently with the foregoing 2 observations. of this exterior satellite. 

, The most distant satellite . — On Feb. 28, 1794, a star was perceived where on 
the 26th there was none. This star was larger than a very small star which was 
observed the 26th, not far from the place of the new supposed satellite ; and a 
configuration having been made expressly, by way of ascertaining what stars might 
afterwards come into a situation where they could be mistaken for satellites, our 
new star or satellite would not have been omitted, when a smaller one very near it 
was scrupulously recorded. The motion of the planet in 3 h 3% is mentioned as 
very visible. The place of the star, which was a new visitor this evening, was veiy 
particularly delineated, at 6 b 50“. From its situation, it is evident that the motion 
of the planet must have carried this star, if it was one of its satellites, towards a 
large star near it ; in the light of which a dim satellite would be lost. This ac- 
cordingly happened ; for at lO 1 * 7 m and lO 11 21“ it was no longer visible. The di- 
rection of the planet’s motion is plainly pointed out, by the place of the planet 
March 2d. With respect to the orbit of this satellite, it appears, from its situation 
near the apogee, where it was seen, that its distance was to that of the 2d satellite, 
which was then near its greatest elongation, as 8 to 5. And since the apogee dis- 
tance, on the day of observation, was only .37, we have its greatest elongation 
as Vt to 5 ; that is, as 21.6 to 5, or above 4 to l. From which we may con- 
clude, that its orbit must lie considerably without the before-mentioned exterior 
satellite of Feb. 9, 1790. 

We have a 2d observation of it March 27, 1 794 ; which, though not very strong,, 
yet adds confirmation to the former. For that evening, which was uncommonly' 
fine, other satellites, south, at a good distance, were perceived. This must relate 
principally to our present satellite, which may certainly be said to be at a good 
distance from the planet, and which, by that time, was probably in the southern 
part of its orbit, and near its greatest elongation. There is a 3d observation, 
March 28, 1797> which probably also belongs to this satellite.. For an exceed-' 
ingly small near star, which is mentioned as not havipg been seen the 25th, when 
the delineation of the stars was made, will agree very well with the 2 former ob- 
servations i and, being near the greatest elongation, the distance of this satellite 
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is well pointed out, and agrees remarkably well with the calculation of the first 
observation of it. 

The arrangement of the 4 new and the 2 old satellites together will be thus : 
1st sat. the interior one of Jan. 18, 1790.— 2d sat. the nearest old one of Jan. 1 1, 
1787. — 3d sat. the intermediate one of March 26, 1794. — 4th sat. the farthest 
old one of Jan. 11, 1787- — 5th sat. the exterior one of Feb. 9, 1790.— 6th sat. 
the most distant one of Feb. 28, 1794* 

Next follow observations and reports tending to the discovery of one or more 
rings of the Georgian planet, and the flattening of its polar regions. After which. 
Dr. H. makes these remarks on the foregoing observations : With regard to the 
phenomena which gave rise to the suspicion of one or more rings, it must be no- 
ticed, that few specula or object-glasses are so very perfect as not to be affected 
with some rays or inequalities, when high powers are used, and the object to be 
viewed is very minute. It seems however, from the observations of March 16, 
1789, and Feb. 26, 1792, that the cause of deception, in this case, must be looked 
for elsewhere. It has often happened, that the situation of the eye-glass, being 
on one side of the tube, which brings the observer close to the mouth of it, has 
occasioned a visible defect in the view of a very minute object, when proper care 
has not been taken to keep out of the way ; especially when the wind is in such a 
quarter as to come from the observer across the telescope. The direction of a 
current of air alone may also affect vision. Without however entering further 
into the discussion of a subject that roust be attended with uncertainty, I will only 
add, that the observation of the 26th seems to be very decisive against the exist- 
enee of a ring. When the surmises arose at first, I thought it proper to suppose, 
that a ring might be in such a situation as to render it almost invisible; and that 
consequently observations should not be given up, till a sufficient time had elapsed 
to obtain a better view of such a supposed ring, by a removal of the planet from 
its node. This has now sufficiently been obtained in the course of 10 years ; for, 
let the node of the ring have been in any situation whatsoever, provided it be kept 
to the same, we must by this time have had a pretty good view of the ring itself. 
Placing therefore great confidenceon the observation of March 5, 1792, supported 
by my late views of the planet, I venture to affirm, that it has no ring in the least 
resembling that, or rather those, of Saturn. 

The flattening of the poles of the planet seems to be sufficiently ascertained by 
many observations. The 7-feet, the 10-feet, and the 20-feet instruments, equally 
conflrro it ; and the direction pointed out Feb. 26, 179 4 , seems to be conformable 
to the analogies that may be drawn from the situation of the equator of Saturn, 
and of Jupiter. This being admitted, we may without hesitation conclude, that 
the Georgian planet also has a rotation on jts axis, of a considerable degree of 
velocity. 

Dr. H. then states several reports and observations relating to the light and size 
of the Georgian satellites, and to their vanishing at certain distances from the 
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planet; from which he deduces the folkwring remarks. on those observations. 
From the observations of Jan. 14, Feb. 10, March 6, 1787, and Feb. 13, 1792, 
it appears, that all very small stars, when they come near the planet, lose much of 
their lustre. Indeed, every observation that has been recorded before, of Supposed 
satellites that have been proved' to be stars' afterwards, has fully confirmed this cir- 
cumstance ; for they were always found to be considerable stars, and their being 
mistaken for satellites was owing to their loss of light when near the planet. This 
would hardly deserve notice, as it is well known that a superior light will obstruct 
an inferior one ; but some circumstances which attend the operation of the affec- 
tions of light on the eye, when objects are very faint, are so remarkable, that they 
must not be passed over in silence. After having been used to follow up the sa- 
tellites of Saturn and Jupiter, to the very margin of their planets, 60 as even to 
measure the apparent diameter of one of Jupiter’s satellites by its entrance on the 
disk, I was in hopes that a similar opportunity would soon have offered with the 
Georgian satellites: not indeed to measure the satellites, bet to measure the planet 
itself by means of the passage of the satellite over its disk. I expected also to 
have settled the epochs of the satellites, from their conjunctions and oppositions, 
with more accuracy than I have yet been able to do, from their various positions 
in other parts of their orbits. A disappointment of obtaining these capital advan- 
tages deserves to have its cause investigated ; but, first of all, let us cast a look on 
the observations. 

The satellites, we may remark, become regularly invisible, when, after their 
elongation, they arrive to certain distances from the planet. In order to find what 
these distances are, we will take the first observation of this kind, as an example. 
Feb. 22, 1791, the first satellite could not be seen. Now, by my lately constructed 
tables, its longitude from the apogee, at the time of observation, was 204.5 degrees ; 
that is, 24.5 degrees from the most contracted part of its orbit, on the side that 
is turned to us, which, a6 its opposite is called the apogee, I shall call the perigee. 
By my tables also for the same day, we have the distance of the apogee from the 
planet, which is .60; supposing the greatest elongation distance to be 1. This 
being given, we may find an easy method of ascertaining the distance of the satel- 
lite, when it is near the apogee or perigee : for it will be sufficiently true for ouif 
•purpose to use the following analogy. Cosine of the distance of the satellite from 
the apogee or perigee is to the apogee distance from the planet, as the greatest 
elongation is to the distance of the satellite from the planet. When the ellipsis is 
vdry open, this theorem will only hold good in moderate distances from tl*e apogee 
os perigee ; but when it i9 a good deal flattened, it will not be considerably out in 
more distant situations : and it will also be sufficiently accurate to take the natural 
cosine from the tables to 2 places of decimals only. When this is applied to our 
present instance, we have .91 for the natural cosine of 24.5° ; and the distance of 

the satellite from the planet will come out • ' — 2l".8. By this method, 'it 
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appears that the satellite, when it could not he seen, was nearly 22" from the 
planet. 

We must not however conclude, that this ia die given distance at which it will 
always vanish. For instance, the same satellite, though hardly to be seen, was 
however not quite invisible March 4, 1791. Its distance from the planet, computed 

as before, was then only - — =: 19 ". 8 . The clearness of the atmosphere, and 

other favourable circumstances, must certainly have great influence in observations 
of very fault objects; therefore, a computation of all the observations where the 
satellites were not seen, as well as a few others where they were seen, when pretty 
near the apogee or perigee, will be the surest way of settling the fact. ' The result 
of these computations show that both the satellites became always invisible when 
they were near the planet : that the 1st was generally lost when it came within IS" 
of the planet, . and the 2d at the distance of about 20". In very uncommon and 
beautiful nights, the 1st has once been seen at 13".8, and the 2d at 17". 3 ; but at 
no time have they been visible when nearer the planet. 

I shall now endeavour tb investigate the cause which can render small stars and satel- 
lites invisible at so great a distance as 18 or 20". A dense atmosphere of the planet 
would account ibr the. defalcation of light sufficiently, were it not proved that the 
satellites are equally lost, whether they are in the nearest half of their orbits, or in 
that which is farthest from us. But as a satellite cannot be eclipsed by an atmos- 
phere that is behind it, a surmise of this kind cannot be entertained. -Let us then 
turn our view to light itself, and see whether certain affections between bright and 
very bright objects, contrasted with, others that take place between faint and very 
faint ones, will not explain the phenomena of vanishing satellites. 

The light of Jupiter or Saturn, for instance, on account of its brilliancy* is 
diffused, almost equally, over a space of several minutes all round these planets. 
Their satellites also, having a great share of brightness, and moving in a sphere 
that is strongly illuminated, cannot be much affected by their various distances 
from the planets. The case then is, that they have much light to lose, and com- 
paratively lose hut little. The Georgian planet, on the contrary, is very faint ; and 
the influence of its feeble light cannot extend far, with aoy degree of equality. 
This enables us to see the faintest objects, even when they are only a minute or 2 
removed from it. The satellites of this planet are very nearly the dimmest objects 
that can be seen in the heavens ; so that they cannot bear any considerable diminu- 
tion of their light, by a contrast with a more luminous object, without becoming 
invisible. If then the sphere of illumination, of our new planet be limited to 18 
or 2<j", we may fully account for the loss of the satellites when they come within 
its reach ; for they have very little light to. lose, and lose it pretty suddenly. This 
contrast therefore, between the condition of the Georgian satellites and those of 
the brighter planets, seems to be sufficient to account for the phenomenon of their 
becoming invisible. 
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We may avail ourselves of the observations that relate' to the distances at which 
the satellites vanish, to determine their relative brightness. The 2d satellite ap- 
pears generally brighter than the 1st ; bpt, as the former is usually lost farther from 
the planet than the latter, we may admit the 1st satellite to be rather brighter than 
the 2d. This seems to be confirmed by the observation of March 9, 1791 ; where 
the 2d appeared to be smaller than the 1st, though the latter was only 25" from the 
planet, while the other was 30".8. The first of the new satellites will hardly ever 
be seen otherwise than about its greatest elongations, but cannot be much inferior 
in brightness to the other 2 ; and if any more interior satellites should exist, we. 
shall probably not obtain a sight of them ; for the same reason that the inhabitants 
of the Georgian planet perhaps never can discover the existence of our earth, 
Venus, and Mercury. The 2d new or intermediate satellite is considerably smaller 
than the 1st and 2d old satellites. The 2 exterior, or 5th and 6th satellites, are the 
smallest of all, and must chiefly be looked for in their greatest elongations. 

Periodical revolutions of the new satellites.— It may be some satisfaction to know 
what time the 4 additional satellites probably employ in revolving round the planet. 
Now, as this can only be ascertained with accuracy by many observations, we must 
of course remain in suspense till a series of them can be properly instituted. But, 
in the mean time, we may admit the distance of the interior satellite to be 25".5, 
as our calculation of the estimation of March 5, 1794, gives it; and from this we 
compute that its periodical revolution will be 5 days, 21 hours, 25 minutes. — If wc 
place the intermediate satellite at an equal distance between the 2 old ones, or at 
38".57, its period will be 10 days, 23 hours, 4 minutes.— By the figure of Feb. 9, 
1790, it seems that the nearest exterior satellite is about double the distance of the 
farthest old one ; hence its periodical time is found to be 38 days, 1 hour, 49 mi- 
nutes. — The most distant satellite, according to the calculation of the observation 
of Feb. 28, 1794, is full 4 times as far from the planet as the old 2d satellite ; it 
will therefore take at least 107 days, 16 hours, 40 minutes, to complete one revo* 
lution.— It will hardly be necessary to add, that the accuracy of these periods de- 
pends entirely on the truth of the assumed distances ; some considerable difference 
therefore may be expected, when observations shall furnish us with proper data for 
more accurate determinations. 

IV. An Inquiry concerning the Source of the Heat which is excited by Friction. By 
Benjamin Count of.Rumford, F. R. S., M. R. I. A. p. 80. 

Being engaged lately in superintending the boring of cannon in the workshops 
of the military arsenal at Munich, I was struck with the very considerable degree 
of heat which a brass gun acquires, in a short time, in being bored ; and with the 
still more intense heat, much greater than that of boiling water, as I found by 
experiment, of the metallic chips separated from it by the borer. From whence 
comes the heat actually produced in the mechanical operation above-mentioped ? 
Is it furnished by the metallic chips which ace separated by the borer from the solid 
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mass of metal ? If this were the case, then, according to the doctrine of latent 
heat, and of caloric, the capacity for heat of the parts of the metal, so reduced to 
chips, ought not only to be changed, but the change undergone by them should 
be sufficiently great to account for all the heat produced. But no such change had 
taken place : for I fobnd, on taking equal quantities, by weight, of these chips, 
and of thin slips of the same block of metal, separated by means of a fine saw, 
and putting them, at the same temperature, that of boiling water, into equal quan- 
titles of cold water, viz. at the temperature of 59°4- *•> the portion of water into 
which the chips were put was not, to all appearance, heated either less or more 
than the portion, in which the slips of metal were put. This experiment being 
repeated several times, the results were always so nearly the same, that I could 
not determine whether any, or what change, had been produced in the metal, in 
regard to its capacity for heat, by bring reduced to chips by the borer. 

Hence it is evident, that the heat produced could not possibly have been fur- 
nished at the expence of the' latent heat of the metallic chips. But, not being 
willing to rest satisfied with these trials, however conclusive they appeared to 
me to be, I had recourse to the following still more decisive experiment. Taking 
a cannon, a brass six-pounder, cast solid, and rough as it came from the foundry, 
and fixing it horizontally in the machine used for boring, and at ihe same time 
finishing the outside of the cannon by turning, I caused its extremity to be cut off ; 
and, by turning down the metal in that part, a solid cylinder was formed, 7\ inches 
in diameter, and Q-^ inches long ; which, when finished, remained joined to the 
rest of the metal, that which, properly speaking, constituted the cannon, by a 
small cylindrical neck, pnly 2-j- inches in diameter, and 3-^ inches long. This 
short cylinder, which was supported in its horizontal position, and turned round its 
axis, by means of the neck by which k remained united to the cannon, was now 
bored with the horizontal borer used in boring cannon ; but its bore, which was 
3.7 inches in diameter, instead of being continued through its whole length, Q.& 
inches, was only 7.2 inches in length; so that a solid bottom was left to this hol- 
low cylinder, which bottom was 2.6 inches in thickness. 

The cylinder being designed for the express purpose of generating heat by fric- 
tion, by having a blunt borer forced against its solid bottom at the same time that it 
should be turned round ks axis by the force of horses, in order that the heat accumu- 
lated in the cylinder might from time to tipie be measured, a small round hole, 0.37 
of an inch only in diameter, and 4.2 inches in depth, for the purpose of introducing 
a small cylindrical mercurial thermometer, was made in k, on one side, in a' direc- 
tion perpendicular to the axis of the cylinder, and ending in the middle of the solid 
part of the metal which formed the bottom of its bore. 

The solid contents of this hollow cylinder, exclusive of the cylindrical neck by 
which it remained united to the cannon, were 385^ cubic inches, English measure; 
and it weighed H3.l3lb. avoirdupois; as I found, on weighing it at the end o £ 
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-the course of experiments made with it, and after it had been separated from the! 
cannon with which, during the experiments, it remained connected. 

Experiment 1 . — This experiment was made in order to ascertain how much, heajb 
was actually generated by friction, when, a blunt steel borer being so forcibly shoved, 
by means of a strong screw, against the bottom of the bore of the cylinder, that the. 
pressure against it was equal to the weight of about lOOQOlb. avoirdupois, the Cy- 
linder was turned round on its axt6, by the force of horses, alt the rate of about 32 
times in a minute. At the beginning of the experiment, the temperature of the. 
air in the shade, as also that of the cylinder, was just 6 o°f. At the end of 3D 
minutes, when the cylinder had made 960 revolutions about its axis, the horses 
being stopped, a cylindrifial mercurial thermometer, whose bulb was <?f*an : 
inch in diameter, and 3-J- inches in length, was introduced into' the bole made to 
receive it, in the side of the cy Under, When the mercury rose almost instantly 
to 130°. • 

To see how fast the heat escaped oat of the cylinder, 

(in Order to be able to make a probable conjecture re- At the end of 
spacing the quantity given off by it, during the time the 
heat .generated by the friction was accumulating,) . the 
machinery standing still, I suffered' the thermometer to 
remain in its place near £ of an . hour, observing and 
noting down, at small intervals Of time, the height of the 
temperature indicated by it, as. in the annexed tablet. 

Thus, 

Having taken away the borer, 1 now removed the me- 
tallic dust, or rather scaly matter which had been de- 
tached from the bottom of the cylinder by the blunt steel 

borer, in this experiment ; and, having carefully weighed it, I found its weight to 
be .837 grains Troy. Is it possible that tlie very oonsiderahle quantity of heat that 
was produced id this experiment fa quantity which actually raised the temperature, 
of above 113lb. of gun-metal at least 70 degrees of Fahrenheit’s thermometer,' 
and which, of course, would have been capable of melting 6plb. of ice, or of causing 
near 5jb. of ice-cold water to boil,) could have been furnished by so inconsiderable 
a quantity of metallic dust? and this merely in consequence of a change of its 
capacity for heat i As the weight of this dust, 837 grains Troy, amounted to no 
more than T ^-rth part of that of the cylinder; it must have lost no less than 948 
degrees of heat, to have been able to have raised die temperature of the cylinder 
1 degree ; and consequently it most bave been given off 66360 degrees of heat, 
to have produced the effects which were actually found to have been produoed in 
the experiment ! „ 

But, without insisting on the improbability of this supposition, we have only to 
recollect, that from the results of actual and- decisive experiments, made for the 
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express purpose of ascertaining that fed, the capacify for heat, of the metal of 
which great guns are cast, is not sensibly changed by being reduced to the form of 
metallic chips, in the operation of boring 'cannon ; and there does not seem to be 
any reason to think that itcan be much changed, if it be changed at ill], in being 
reduced to much smaller pieces, by means of a bprerthat is less sharp. If the heat, 
or arty considerable part of it, were produced in consequence of a change in the 
capacity for heat of a part of the metal of the cylinder, as such change could only 
be superficial, the cylinder would by degrees be exhausted;, or the 'quantities of 
heat produced, in any given short space of tithe, would be found to diminish gra- 
dually, in successive experiments. To find out if this really happened or not, I 
repeated the last-mentioned experiment several times, with the utmost care; but I 
did not discover the smallest sign of exhaustion in the metal, notwithstanding the 
large quantities of heat actually given off. Finding so much reason to conclude, 
that the heat generated in these experiments, or excited, as I would rather choose 
to express it, was not furnished at the expence of the latent heat or combined 
caloric of the metal, I pushed my ‘inquiries a step further,' and endeavoured to find 
out whether the air did, or did not; contribute any thing in the generation of -it. 

Exper. 2.- — As the bore of the cylinder was cylindrical, and 'as the iron bar, to 
the end of which the blunt steel borer was fixed, was square, the air had free 
access to the inside of the bore, and even to the bottom of it, where ' the friction 
took place by which the heat was excited. As neither the metallic chips produced 
in the ordinary course of' the operation of boring brass cannon, nor the fiber scaly 
particles produced in the last-mentioned experiments by the friction of the blunt 
borer, showed any sighs of calcination, I did not see how the air could possibly 
have been the cause of tbe heat that was produced; but, in an investigation of this 
kind, I thought that no pains should be spared to dear away the rubbish, and leave 
the subject ias naked and open to inspection as possible. Iii order, by one decisive 
experiment, to determine whether the air of the atmosphere had any part, or not, ’ 
in the generation of the heat, I contrived to repeat the experiment, under circum- 
stances in which it was evidently impossible for it 'to produce any effect whatever. 
By means of a piston exactly fitted to the mouth of the bore of the cylinder, 
through the middle of which piston <the square iron bar, to the end of which the 
blunt steel borer wes> fixed, passed In a square hole made perfectly air-tight, the 
access of tbe external .air, to- the inside of the bore of the cylinder, ■ was effectually 
prevented. I did not find 'however, by- this experiment, that the exclusion of the 
air diminished, in the smallest degree, the quantity of heat excited by the friction. 

There still remained one doubt, which, though it appeared to be so slight as 
hardly to deserve any attention, . I was however desirous to remove. The piston 
which closed the mouth of the bore of - the cylinder, in order that it might be air- 
tight, was • fitted into it .with so much nicety, by means of its collars of leather, 
and pressed against it with so much force, : that, notwithstanding its being oiled, it 
•occasioned a oqnstdevabledegree of friction, when tbe hollow cylinder was turned 
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round its axis. Was not the heat produced, or at least some part of it, occasioned, 
by this friction of the piston ? and, as the external air had free access to the extre- 
mity of the bore, where it came in contact with the piston, is it not possible that 
this air may have had some share in the generation of the heat produced ? 

Exper. 3. A quadrangular oblong deal box, water-tight, 1 1-4- English inches long,. 
Q r V inches wide, and 9-,*V inches deep, being provided, with holes or slits in themiddle 
of each of its ends, just large enough to receive, the one, the square iron rod to the 
end of which the blunt steel borer was fastened, the other, the small cylindrical neck, 
which joined the hollow cylinder to the cannon ; when this box was put into its place 
was fixed to the machinery, in such a manner that its bottom being in the plane of 
the horizon, its axis coincided with the axis of the hollow metallic cylinder; it is evi- 
dent, from the description, that the hollow metallic cylinder would occupy the. 
middle of the box, without touching it on either side; and that, on pouring 
water into the box, and filling it to the brim, the cylinder would be completely 
covered, and surrounded on every side, by that fluid. And further, as the box. 
was held fast by the strong square iron rod which passed, in a square hole, in the 
centre of one of its ends, while the round or cylindrical neck, which joined the 
hollow cylinder to the end of the cannon, could turn round freely on its axis in the 
round hole in the centre of the other end of it, it is evident that the machinery 
could be put in motion, without the least danger of forcing the box out of its. 
place, throwing the water out of it, or deranging any part of the apparatus^ 
Every thing being ready, I proceeded to make the experiment I had projected, in. 
the following manner. 

The hollow cylinder having been previously cleaned out, and the inside of its 
bore wiped with a clean towel till it was quite dry, the square iron bar, with the 
blunt steel borer fixed to the end of it, was put into its place; the mouth of the 
bore of the cylinder being closed at the same time, by means of the circular 
piston, through the centre of which the iron bar passed. The box was then put 
in its place, and the joinings of the iron rod, and of the neck of the cylinder, 
with the two ends of the box, having been made water-tight, by means of collars 
of oiled leather, the box was filled with cold water, (viz. at the temperature of 
6o°) and the machine was put in motion. The result of this beautiful experiment 
was very striking, and the pleasure it afforded me amply repaid me for all the 
trouble I had had, in contriving and arranging the complicated machinery used in 
making it. The cylinder, revolving at the rate of about 32 times in a minute, 
had been in motion but a short time, when 1 perceived, by putting my hand into 
the water, and touching the outside of the cylinder, that heat was generated; and 
it was not long before the water which surrounded the cylinder began to be sensibly 
warm. At the end of l hour, I found, by plunging a thermometer into the water 
in the box, (the quantity of which fluid amounted to 18.77 lb. avoirdupois, or 24- 
wine gallons), that its temperature had been raised no less than 47 degrees; being 
bow 107° of Fahrenheit’s scale.. When 30 minutes more had elapsed,, or 1 hour 
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and 30 miliutes after the machinery had been put in motiofi, the heat of the water 
in the box was 1 42°. At the end of 2 hours,* reckoning from, the beginning of the 
experiment, the temperature of the water was fouild to be raised to 178°- At ,2 
hours 20 minutes it was at 200°; and at 2 hours 30 minutes: it actually boiled { 

It would be difficult to describe the surprize and astonishment expressed in the 
countenances of the bystanders, on seeing so large a quantity of eo)d water 
heated, and actually made to boil, without any fire. Though there was, in fact, 
nothing that could justly be considered as surprizing in this event, yet I acknow- 
ledge fairly that it afforded me a degree of childish pleasure, which, were I ambi- 
tious of the reputation of a grave philosopher, I ought most certainly rather to 
hide than to discover. The quantity of boat excited and accumulated in this expe- 
riment was very considerable; for, not only the water in the box, but also the box 
itself, which weighed 154- lb., end the hollow metallic cylinder, and that part of 
the iton bar which, being situated within the cavity of the box, was immersed in 
the water, were heated 150* of Fahrenheit’s scale; viz. from 6o°, which was the 
temperature of the water, and of the machinery, at the beginning of the experi- 
ment, to. 2 10°, the heat of boiling water a t Munich. The total quantity of heat 
generated may be estimated with some considerable degree of precision, as follows: 
Of the hieat excited there appears to have been actually 

.accumulated, * 

In avoirdupois weight. 

In the water contained in the wooden box, 18| lb. atoirdupou, heated 150*, namely. 


from 60° to 210° r 15.* lb. 

In 113.13 lb. of gun-metal, the hollow cylinder, heated 150* ; and, aa the capacity 
for heat of this metal ii to that of water as 0.1100 to 1.0000, this quantity of heat would 

have heated 12} lb. of water die same number of degrees 10.37 

In 36 . 7 $ cubic inches of iron, being that part of the iron bar to which the borer was 
fixed which entered the boat, heated 150* j which indy be reckoned equal in capacity 
for heat to 1.21 lb. of water. , 1,01 


v. a. No estimate is here made of the heat accumulated in the wooden box, nor of 
that dispersed during the experiment. 

Total quantity of ice-cold water which, with the heat actually generated by friction, — — 

and accumulated in 2" 30°, might have been heated 180°, or made to boil 26*54 

From the knowledge of the quantity of heat actually produced in the foregoing 
experiment, and of the time in which it was generated, we are enabled to ascer- 
tain the velocity of its production, and to determine how large a fire must have 
been, or how much fuel must have been consumed, in order that, in burning 
equably, it should have produced by combustion the same quantity of heat in the same 
time. In one of Dr. Crawford’s experiments, (See his Treatise on Heat, p.32i), 
37 lb. 7 o z. troy, = 181920 gr., of water, were heated 2^4 degrees of Fahren- 
heit’s thermometer, with the heat generated hi the combustion of 2 6 grs. of wax. 
This gives 382032 grs. of water heated 1° with 26 grs. of wax; or 1469344 grs, 
of water heated 1°, or =8i.63Igrs. heated 180°, with the heat gene- 

rated in the- combustion of l gr. of wax. The quantity of ice-cold waiter which 
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rnight have been heited 180°, with the heat generated by friction in the before- 
mentioned experiment, was found io> be 26.58 ttx. avoirdupois, t= i8806Qgrs.; 
and, as -91 .631' grs* of ite-fcold water require the heat generated in the combustion 
of i gr. of wax, to heat it 180°, the former quantity of ice-cold water, namely 
I88060 grs., would require the combustion of no less than 3303.8 grs. = 4^ oz. 
Troy, of Wax; to heat it • J 30°. ■ 

As the experiment, N d 8, in which the given quantity of heat was generated 
by friction, lasted 2 h 30 m , s= 130®, it is necessary, for the purpose of ascertaining 
how many wax candles of any given size must bum' together,' in order that in the 
combustion of them the given quhntity of heat may be generated in the given 
time, and consequently with the same celerity as that with which the heat was 
generated by friction in the experiment, that the size of the candles should be 
determined, and the quantity of wax Consumed in a given time by each candle, in 
burning equably, should be known. Now I found by an experiment, made on 
purpose to finish these computations, that when a good wax candle, of a moderate 
size, f of an inch in diameter, burns -with a dear flame, just 49 grs. of wax are 
consumed in 30™. HehCe it appears* that 345 grs. of wax would be consumed by 
such a candle in 160®: and that, to bum the quantity of wax, as 3303.8 grs., 
necessary to produce the quantity of heat actually obtained by friction in the expe- 
riment in question, and in the given time, 150®, 9 candles, burning at oooe, 
would not be sufficient; for, 9 multiplied into 245, the number of grains con- 
sumed by each candle. in 150®, amounts to no more than 2205 gr§.; whereas the. 
quantity of wax necessary to be burnt, in order to produce the given quantity of 
heat, was found to be 3303.8 grs. 

From the result of these computations it appears, that the quantity of heat pro- 
duced equably, or in a continual, stream* by the friction of the blunt steel borer 
against the bottom of the hollow metallic cylinder, in the experiment under con- 
sideration, was greater than that produced equably in the combustion of 9 wax 
candles, each -f of an inch in diameter, all burning together, or at the same time, 
with clear bright flames. As the machinery used in this experiment could easily be 
carried round by the force of one horse, (though, to render the work lighter, two 
horses were actually employed in doing it), these computations show further how 
large a quantity of heat might be produced, by proper mechanical contrivance, 
merely by the strength of a horse, without either fire, light, combustion, or che- 
mical decomposition ; and, in a case of necessity, the beat thus produced might be 
used in cooking victuals. But no circumstances can be imagined, in which this 
method of procuring heat would not "be disadvantageous; for, more heat might be 
obtained by using the fodder necessary for the support of a horse, as fuel. 

As soon as the last-mentioned experiment, N° 3, was finished, the water in the 
wooden box was let off, and the box removed; and the borer being taken out of 
the cylinder, the scaly metallic powder, which had been produced by the friction 
of the borer against the bottom of the cylinder, was collected, and, being carefully 
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weighed, was found to weigh 4144 gn-, or about 84 qp . Troy, As, this quantity 
was produced in 2* hours, this giyes 824 grs- for the, quantity produced in half an 
hour. In the first experiment, which Jastadoply half anhoqr, the quantity pro- 
duced was 837 gra. In the experiment N° 1, the quantity of heat generated, in 
half an hour, was found to be equal to that which would be requited tq heat 4lb. 
avoirdupois of icdtoold water 180°, or cause it to 1 hod. According tq the result of 
the experiment N° 3, the heat generated j n half an hour, wpuld have caused 5.31 lb. 
of ice-cold water to boil. But in this last-mentioned experiment the heat gene- 
rated being more effectually confined, less of it was lost; which accounts for the 
difference of the results of the two experiments. 

It remains for me to give an account of one experiment more, which was made 
with this apparatus. I found by the experiment N° 1, how much beat was gene- 
rated when the air had free access to the metallic surfaces which were rubbed toge- 
ther. By the experiment N° 2, I found that the quantity of heat generated. Was 
not sensibly diminished when the free access of the air was prevented r and, by the 
result of N° 3, it appeared that the generation of the .heat was npt: prevented, or 
retarded, by keeping the apparatus immersed in ; water. But as, in this last- men- 
tioned experiment, the water, though it surrounded the hollow metallic cylinder 
on every side, externally, was not suffered to: enter the cavity of its bora, 
being prevented by the piston, and consequently did not come into contact with 
the metallic surfaces where the heat was generated; to see what effects would, be 
produced by giving the water free access to these surfaces, I now made the 

Expsr. 4. The piston which closed thfc end iof the bore of the cylinder bring 
removed, the blunt borer and the cylinder were once more put together; and thp 
box bring fixed in its place, and filfed with water, the machinery was again put in 
motion. There was nothing in the result. of this experiment that Benders it ne- 
cessary to be very particular in the.account of. it. Heat was generated, as iq the 
' former experiments, and to all appearance quite as rapidly ; and there is no doubt 
but the water in the box would have heen brought to boil, had the experiment been 
continued as long as the last. The only circumstance that surprised me was, to find 
how little difference was occasioned in the noise made by the borer in rubbing 
against the bottom of the bore of the cylinder, by filling the bore with .water. 
This noise,' which was very grating to the ear, and sometimes almost insupportable, 
was, as nearly as I could judge of it, quite as loud, and as disagreeable, when the 
surfaces rubbed together were wet with water, as when they were in contact 
with air. 

By meditating on the results of all these experiments, we are naturally brought 
to that great question which has so often been the subject of speculation among 
philosophers ; namely, what is heat Is there any such thing as an igneous 
fluid ? — Is there any tiling that can with propriety be called caloric ? We have 
seen that a very considerable quantity of heat may be excited in the friction of two 
metallic surfaces, and given off in a constant stream or flux, in all directions, 
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without interruption or intermission, and without any signs of diminution, or 
exhaustion. Then whence came the heat which was continually given off in this 
manner, in the foregoing experiments ? Was it furnished by the Bmall particles of 
metal, detached from the larger solid masses, on their being rubbed together ? 
This, as we have already seen, could not possibly have been the case. Was it 
furnished by the air ? This could not have been the case; for in 3 of the experi- 
ments the machinery being kept immersed in water, the access of the air of the 
atmosphere was completely prevented. 

■Was it furnished by the water which surrounded the machinery? That this 
could not have been the case is evident; first, because this- water was continually 
'receiving heat from the machinery, and could not, at the same time, be giving 
to, and receiving heat from, the same body; and 2dly, because there waa.no 
chemical decomposition of any part of this water. Had any- such decomposition 
-taken place, one of its component elastic fluids, - most probably inflammable- air, 
must, sit the same time, have been set at liberty, and, in making its escape into 
the atmosphere, would have been detected; but though I frequently examined the 
-water, to see if any air bubbles rose up through it, and had even made prepara- 
tions for catching' them, in order to examine them, if any should appear, I could 
-perceive none; nor was there any sign of decomposition of any kind whatever, or 
other chemical process, going on in the water. 

Is it possible that the heat could have been supplied by means of the iron bar to 
the end of which the blunt steel borer was fixed? or by the small neck of gun-metal 
by which the hollow cylinder was united to the cannon? These suppositions ap- 
pear more improbable even than either of those before-mentioned; for heat was 
continually going off, or out of the machinery, by -both these passages, during the 
-whole time the experiment lasted. And, in reasoning on this subject, we must not 
forget to consider that most remarkable circumstance, that the source of the heat 
generated by friction, in these experiments, appeared evidently to be inexhaustible. 
.It is hardly necessary to add, that any thing which any insulated body, or system 
of bodies, can continue to furnish without limitation, cannot possibly be a material 
substance: and it appears to me to be extremely difficult, if not quite impossible, 

. to form any distinct idea of any thing, capable of being excited, and communicated, 
in the manner the heat was excited and communicated in these experiments, except 
it be motion. 

lam very far from pretending to know how, or by what means, or mechanical 
contrivance, that particular kind of motion in bodies, which has been supposed to 
constitute heat, is excited, continued, and propagated, and I shall not presume to 
trouble the Society with mere conjectures ; particularly on a subject which, during 
so many thousand years, the most enlightened philosophers have endeavoured, but 
in vain; to comprehend. But, though the mechanism of heat should, in fact, be 
* one of those mysteries of nature which are beyond the reach of human intelligence! 
this ought by no means to discourage us, or even lessen our ardour, in our at- 
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tempts to investigate the laws of its operations. How far can we advance in any of 
the paths which science has opened to us, before we find ourselves enveloped in 
those thick mists which, on every side, bound the horizon of the human intellect? 
But how ample, and how interesting, is the field that is given us to explore! No- 
body surely, in his sober senses, has ever pretended to understand the mechanism 
of gravitation; and yet what sublime discoveries was our immortal Newton enabled 
to make, merely by the investigation of the laws of its action ! The effects pro- 
duced in the world by the agency of heat, are probably just as extensive, and quite 
as important, as those which are owing to the tendency of the particles of matter 
towards each other; and there is no doubt but its operations are, in all cases, deter- 
mined by laws equally immutable. 

V. Observations on the Foramina Thebesii of the Heart. By Mr. John Abernethy, 

F.R.S. p. 103. 

As the investigation of the resources of nature in. the animal economy, for the 
maintenance of health, and the prevention of disease, cannot but be interesting to 
the philosopher as well as to the physician, I am therefore induced to submit to the 
a. s. the following observations. There is a remarkable contrivance in the blood 
vessels which supply the heart, not to be met with in any other part of the body, 
and which is of great use in the healthy functions of that organ, but which is par- 
ticularly serviceable in preventing disease of a part so essential to life. A distended 
state of the blood vessels must always impede their functions, and consequently be 
very detrimental to the health of the part which they supply ; but as the cavities of 
the heart are naturally, receptacles of blood, a singular opportunity is afforded to its 
nutrient vessels, to relieve themselves when surcharged, by pouring a part of their 
contents into those cavities. Such appears to be the use of the foramina by which 
injections, thrown into the blood vessels of the heart, escape into the cavities of 
that organ; and which were first noticed by VieuSsens, but, being more expressly 
described by Thebesius, generally bear the name of the latter author. 

Anatomists appear to have been much perplexed concerning these foramina The- 
besii; even Haller, Senac, and Zinn, were sometimes unable to discover them; 
which suggested an idea, that when an injection was effused into the cavities of 
the heart, the vessels were torn, and that it did not escape through natural openings. 
When these foramina were injected, they were found under various circumstances, 
as to their size and situation; and Haller observed, that the injection, for the most 
part, escaped into the right cavities of the heart. It also remains undetermined, 
whether these foramina belong both to the arteries and veins, or respectively to 
each set of vessels. 

It is from an examination of these openings in diseased subjects, that a Solution 
of such difficulties may probably be obtained. Whoever reflects on the circum- 
stances under which the principal coronary vein terminates in the right auricle of 
the heart, , will perceive that an impediment to the flow of blood through that vessel 
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rfiu^t occasionally take place; but the difficulty will be tnuch increased, when the 
right Side 6f the heart, is more than ordinarily distended, in consequence of obstruc- 
tion to the pulmonary circulation. Indeed it seems probable that such an obstruc- 
tion, by occasioning a distended state of file right side of the heart, and thus im- 
peding the circulation in the nutrient vessels of that organ, would as necessarily 
occasion corresponding disease in it, as an obstruction to the circulation in the liver 
occasions disease in the other abdominal viscera, were it not for some preventing 
circumstances, Which I noW 'proceed to explain. 

Having been attentive to some very bad cases of pulmonary consumption, from 
a desire to witness the effects of breathing medicated air in that complaint, I was 
led to a more particular examination of the heart of those patients who died. In 
these cases, I found, that by throwing common coarse waxen injection into the 
arteries and veins of the heart, it readily flowed into the cavities of that organ; 
and that the left ventricle was injected in the first place, and most completely. 
When the ventricle was opened, and the efft&ed injection removed, the foramina 
Thebesii appeared both 'numerous and large, and distended with the different co- 
loured wax which had been impelled into the coronary arteries and veins. On 8 
comparative trials, made by injecting the vessels of hearts taken from subjects whose 
lungs were either much diseased, or in a perfectly sound state; I found, that in the 
former, common injection readily flowed, in the manner which I have described, 
into all the cavities of the heart, but principally into the left ventricle; while, in 
many of the latter, I could not impel the least quantity of such coarbe injection 
into that cavity. 

This difference in the facility with which the cavities of the heart can be injected 
from its nutrient vessels, was observed by most anatomists, though they did not 
advert to the circumstances on which it depended. Haller’s redtal of his own ob- 
servations, and of those of others on this subject, so well explain the facts which 
1 have stated, that I shall take the liberty of quoting the passage, in order further 
to illustrate and authenticate them. He Says, “-Si per arterias liquonem 1 injeceris, 
perinde in dextra auricula, sinuque et ventriculo dextro, Ct in sinu atqde thalamo 
einistro guttulae exstillabunt; saepe quidem absque mora, alias • difficilius, et noo- 
nunquam omnino, uti continuo dicemus, et mihi, et Sertaco, et chtrissimo Zinaio, 
nihil exsudavit.’'— -Elem. Physiol. Tom. 1, p. 382. 

As it seems right that the blood which 'had been ’distributed by the eoronaiy 
arteries, and which must have lost, • in a greater or less degree, the properties of 
arterial blood, should not be mixed with the arterial blood which is to be distributed 
to every part of the body, but ought rather to be sent agalrt to the kings, in order 
that it may re-acquire those properties; we therefore perceive why, iri a natural -state 
of the heart, the principal foranfina Thebesii are to bd found in the right cavities of 
that organ. However, as, even in a state of fieafth, those cavities are liable to be 
uncommonly distended, in consequence bf rriu&cular Exertion sometimes forcing 
the venous blood into the heart faster than ‘it cart be ‘ transmitted throogh the long#. 
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there seems to arise a necessity for similar openings on the left side; but these, in 
their natural state, though capable of emitting blood, and of relieving the plethora 
of the coronary vessels, are not of sufficient size to give passage to common waxen 
injections. Yet, when there is a distended state of the right cavities of the heart, 
which is almost certainly occasioned by a diseased state of the lungs, these fora- 
mina leading into the left cavities then become enlarged, in the manner that has 
been already described; and thus the plethoric state of the nutrient vessels of the 
heart, and the consequent disease of that important organ, are prevented. The 
preceding remarks will, I think, sufficiently explain the cause of the variety in the 
size and situation of these foramina, which also appear to belong both to the arteries 
and veins; because the injection which was employed was too coarse to pass from 
one set of vessels to the other, and yet the different coloured injections passed into 
the cavities of the heart unmixed. 

' There is yet another mode by which diseases of the heart, that would otherwise 
so inevitably succeed to obstruction in the pulmonary vessels, are avoided; and 
which I' next beg leave to explain. Having formerly been much surprized to find 
the heart so little affected, when the lungs were greatly diseased, and observing, in 
one or two instances, that tlie foramen ovale was open, I was led to pay more par- 
ticular attention to the state of that part; and I have found this to be almost a con- 
stant occurrence in those subjects where pulmonary consumption had for some time 
existed previous to the person’s decease. I took notice of this circumstance 13 
times in the course of one year; and in several instances the aperture was suffi- 
ciently large to admit of a finger being passed through it. Now, as the septum 
auricularam is almost constantly perfect in subjects whose lungs are healthy, I can- 
not but conclude, that the renewal of the foramen ovale is the effect of disease; 
nor will the opinion appear on reflection improbable; for the opening becomes 
closed by the membranous fold growing from one edge of it, till it overlaps the 
other, and their smooth surfaces being kept in dose contact, by the pressure of the 
blood in the left auride, they gradually grow together. But, should there be a 
defidency of blood in the left auricle, and a redundance in the right, the pressure 
of {he latter on this membranous partition, will so stretch and irritate the uniting 
medium, as to occasion its removal; and thus a renewal of the communication be- 
tween the auricles will again take place. 

From these observations it is natural to suppose, that in those men, or animals, 
who are accustomed to remain long under water, this opening will either be main- 
tained or renewed; yet on this circumstance done the continuance of their life does 
not depend; for we now have sufficient proof, that if the blood is not oxygenated 
in the lungs, it is unfit to support the animal powers. There is an experiment 
related by Bufibn, the truth of whioh I believe has not been publicly controverted, 
and which tends greatly to misrepresent this subject. He says, that he caused a 
bitch to bring forth her puppies under warm water; that he suddenly removed them 
into a pail of warm milk; that he kept them immersed in the milk for more than 
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half an hour; and that when they were taken out of it, all the 3 were alive. He 
then allowed them to respire about half an hour, and again immersed them in the 
warm .milk, where they remained another half hour; and when taken out 2 were 
vigorous, but the 3d seemed to languish: this submersion was again repeated, with- 
out apparent injury to the animals. 

This experiment is so directly contrary to what we are led to believe from all 
others, and also to the information derived from cases which frequently occur in. 
the practice of midwifery, in which an interruption to the circulation through the- 
umbilical chord occasions the death of the foetus, as to make me suspect its truth : 

I Was therefore induced to examine what would happen in a similar experiment. I 
did not indeed cause the bitch to bring forth her puppies in water; but immersed a 
puppy, shortly after its birth, under water which was of the animal temperature. 
It lost all power of supporting itself in about 60 second^ and would shortly have 
perished, had I not removed it into the air. Neither could I, by repeating this 
experiment, so accustom the animal to the circulation of unoxygenated blood, as 
to lengthen the term of its existence in such an unnatural situation. I thought 
that a dog might have been made a good diver in this way; but having -satisfied 
myself that this could not be done, without greatly torturing the animal, I did nob 
choose to prosecute so cruel an experiment. 

Young animals, indeed, retain their irritability for a considerable time, so that- 
they move long after they have been plunged beneath water; and may even, on this 
account, recover after they are taken out. But the manner in which Buffon has 
related his experiment seems to imply; that the circulation of the blood, and other 
functions of life, were continued after the animals had been excluded from the air. 

I am convinced that the poor dog which was the subject of my experiment would 
have been beyond recovery in a few minutes. Those animals which are accustomed, 
to remain long under water, probably first fill their lungs with air, which may, in. 
a partial manner, oxygenate their blood during their submersion. The true state-, 
raent of this subject may probably be, that the circulation of venous blood willde- . 
stroy most animals in a very short space of time; but that custom may enable others 
to endure it, with very little change, for. a longer period.. 

VI. stnatyris of the Earthy Substance from New South IVales,. called Sydneia or. 

Terra Australis. By Charles Hatchett, Esq., F. R. S. p. 110. 

§ 1. The late ingenious Josiah Wedgwood, Esq., F.B.S., published, in the Phil 
Trans, for 17 QO, an account of some analytical experiments on a mineral substance 
from Sydney Cove, in New South Wales. This substance he describes as com- 
posed of a fine white sand, a soft white earth, some oolourless micaceous particles, 
and also some which were black, resembling black mica, or black lead. Nitric acid 
did not appear to act on any part of this earthy substance; and even a portion on 
which sulphuric acid had been boiled to dryness, afforded afterwards, when edulco- 
rated with water, only a few flocculi, which Mr. Wedgwood conceived to be aln- 
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minoos earth. The muriatic acid, daring digestion, seemed to act as little as the 
2 preceding acids; but on water being poured in, to wash out the remaining por- 
tion, the liquor instantly became white as milk, with a fine white curdy substance 
intermixed; the concentrated add having, in the opinion of the author, extracted 
something which the simple dilution With water precipitated. The remaining part 
was repeatedly digested with muriatic acid, and treated with water, as before, till 
the milky appearance was no longer produced. 

The properties of this white predpitate, Mr. Wedgwood states to be as follows. 
1 °. It is only soluble in boiling concentrated muriatic acid. 2°. It is precipitated 
by water, in the form of a white earth ; which may again be dissolved by boiling 
muriatic acid. 3°. When nitric acid is mixed with the muriatic solution of this 
earth, there is no appearance of a precipitate; not even when water is added, pro- 
vided the nitric acid exceeds, or nearly approaches, the quantity of muriatic acid. 
,4°. The earth is precipitated by the alkalies. 5°. The muriatic solution does not 
crystallize by evaporation; but becomes a butyraceous mass, which soon liquefies 
on exposure to the air. 6°. The butyraceous mass is not corrosive to the taste; 
and is even lees pungent than the combination of calcareous earth with the same 
add. 7°. Heat approaching to ignition disengages' the acid from the butyraceous 
mass, in white fumes, and a white substance remains. 8°. 'The white precipitated 
earth is fusible per se, in from 142° to 156° of Mr. Wedgwood’s thermometer, and 
it is thus distinguished from all the other primitive earths. And, Q°. This preci- 
pitate cannot be reduced to a metallic state, when exposed to heat with inflammable 
substances. - 

From these properties, Mr. Wedgwood says, that though he cannot absolutely 
determine whether this substance belongs to the class of earths, or that of metallic 
substances, yet he is inclined to refer it to the former. Professor Blumenbach, of 
Gottingen, in his Manual of Natural History, published in 1 79 1, also mentions 
that he had examined a portion of this earthy substance, by means of muriatic acid, 
after the manner of Mr. Wedgwood, and that he had obtained a slight precipitate 
by the addition of water. In consequence of these experiments, the mineralogists 
throughout Europe admitted the white precipitAted substance to be a primitive earth ; 
and we accordingly find, in all the systematical works on mineralogy published since 
the above-mentioned period, that it is arranged as a distinct genus, under the names 
of Sydneia, Australa, Terra Australis, and Austral Sand. 

The extreme scarcity of this substance prevented the chemists in general from 
examining more minutely into the nature .of this new primitive earth, till Mr. 
Klaproth, in the 2d volume of his Additions to the Chemical Knowledge of Mineral 
Bodies, gave to the public a memoir entitled, A Chemical Examination of the 
Austral Sand. <In this memoir, Mr. Klaproth says, that he had received from Mr. 
Haidinger, of Vienna, 2 samples of this substance; one of which had a consi- 
derable quantity, of black shining particles intermixed with it, which, though 
regarded by many as graphite or plumbago, he was inclined to believe to be cisenv 
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glimmer of micaceous iron ore. The other contained much Jess of these black or 
dark grey particles, and, as he considered it tp be more pure than the former, lie 
subjected it to the following experiments. 1. It was digested at 3 different tiroes 
with concentrated muriatic acid, in a boiling heat, end the acid was afterwards fil- 
trated through paper. The solution was then mixed by degrees f the measles. 

This, it is added, is a rare case, but there have been some similar cases, which 
are cited in the Abridgment of the Phil. Trans, in the remark upon the like case 
presented to the r. s. by Mr. Silvanus Bevan. This differs from the other ex- 
amples, by the sediment of the urine, the stain on her linen, the preternatural 
situation of her limbs. Something very singular was, that she did not blow her 
nose perhaps once a month, even in her health ; always slept with her mouth 
opened, and her tongue hanging out. The manner in which such dissolutions of 
bones are accounted for, in the above-mentioned remark, seems the most rational 
and satisfactory, that can be given. 

V. Of a Roman Altar , with an Inscription on it , lately found at York , and 
communicated to the Society of Antiquaries by Mr. Francis Drahe> F.R.S . 
Also a Brief Explication of the Inscription by John Ward , LL.D., and 
F.P.R.S. p. 33. 

This altar was found, with other remains of antiquity, by some workmen, in 
opening a deep drain down the centre of a large street, called Micklegate, in 
the city of York. Its height with the pedestal, on which it stands, and which 
is made hollow to receive it, is 14-j- inches. But the breadth varies in several 
parts of it, according to their different form. On the top is an apex, with a 
volute on each side, and on the front a pediment over the inscription. It is 
elegant for the workmanship, and well preserved. Mr. Drake has sent up a 
draught of it in its just proportion, with the inscription upon it ; as also an- 
other copy of the inscription, taken off from the stone, by pressing w r et paper 
into the letters, and then delineating both them and. the stops with a pencil. 
The inscription itself in words at length, as Dr. W. thinks it may be read, is as 
follows : 

Matribus Africis , Italicis> Germanicis, 
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Marcus Minucius u4nde. 
miles legionis sextee victricis, 
gubemator legionis sextae , 
votum solvit libentissime merito. 

By this inscription, and many others of the like sort, found in Britain and 
other countries, it appears that these female deities, under the name of Matres, 
were worshipped inmost parts of the Roman territories. Writers are not agreed 
in their opinion concerning these female deities, who were worshipped under the 
character of Matres. Spon supposes they were deified women, who, while liv- 
ing, were thought to have the gift of prophecy. The reasons for which opinion 
have been given at large in Horsley, p. 201 . But Selden applies them all to 
the Dea Syria, or Mater Deorum ; whom St. Augustin, as he observes, takes 
for Juno, and says. Tot esse Junones, quot sunt simulacra. Agreeably to 
which notion, we find several altars in Gruter inscribed Junonibus, in the plural 
number. And Plutarch takes notice of the worship paid to the Deum Matri at 
Enguium in Sicily; which Cicero seems to allude to, when he says, Matris 
magn® fanum apud Enguinos est. As we meet with several inscriptions, which 
have on them the title of Matron®, to whom they are addressed, Spon thinks, 
not improbably, that these Matron® were the same deities as the Matres, or 
Matr®, as they are sometimes written, who were indifferently worshipped by ' 
each of those titles, of which he has given a variety of instances. 

The first two names of the person who dedicated this altar, were doubtless 
Marcus Minucius; but the third, as here abbreviated, is uncertain. This 
Marcus Minucius describes himself by 2 characters or employments; first, as a 
soldier of the 6th legion, which was honoured with the title of victrix ; and then 
as pilot of the same legion, the epithet victrix not being repeated the 2d time; 
as unnecessary. The title of gubemator, or pilot. Dr. W. does not remember 
to have met with in any other Roman inscription. And notwithstanding the 1 st 
line is placed at some distance from the rest ; yet it may, he thinks, connect 
with them, without supplying the word sacrum. It appears, by an inscription 
in Gruter, and republished by Dr. Gale, that this legion was transported from 
Germany to Britain in the reign of the Emperor Adrian, under the command 
of Marcus Pontius ; who is there called, Tribunus militum legionis sext® victri- 
cis, cum qua ex Germania in Britanniam transiit. The inscription therefore on 
this altar at York, may refer to that voyage ; and intimate to us, that Marcus 
Minucius, by whom it was erected, was then pilot to the legion. It is probable 
indeed, as Horsley observes, that on its first arrival it made no stop in the 
south, but marched directly by the usual route to Adrian’s vallum ; since there 
are several inscriptions on and near the wall, both in Northumberland and Cum- 
berland, where this legion is mentioned. And in the following reign of Anto- 
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ninus Pius we find, by several other inscriptions, that it was in Scotland, and 
had a share in building the wall there. Net long after it might very probably 
be stationed at York, where Ptolemy places it, who lived under the next em- 
peror Marcus Aurelius, as we learn from Suidas. The legion therefore being 
thus settled, Marcus Minucius might then think it a proper time to pay his 
vows, formerly made to those deities, whom he addresses in the inscription cut 
upon this altar. 

FI. Of several Persons seized with the Jail-fever , working in Newgate ; and of 
the Manner in which the Infection was communicated to one entire Family. By 
John Pringle , M. D., F. R. S. p. 42. 

In the month of October 1750, a committee of the court of aldermen was ap- 
pointed to inquire into the best means for procuring in Newgate such a purity of 
air, as might prevent the rise of those infectious distempers, which not only had 
been destructive to the prisoners themselves, but dangerous to others, who had 
any communication with them ; and particularly to the courts of justice on the 
trial of malefactors ; of which a fatal instance had occurred that year at the Old- 
Bailey sessions, when the lord-mayor, 2 of the judges, and an alderman on the 
bench, with several other persons then present, were seized with a malignant 
fever, and died. 

The Rev. Dr. Hales and Dr. P. being consulted by the committee on the 
point referred to them, and having visited the jail in company with those gen- 
tlemen, it was agreed, that, considering the smallness of the place, in proportion 
to the number of the prisoners, it would be proper to make a further trial of 
the ventilator, and to have it worked by a machine, in the manner of a windmill, 
to be erected for that purpose on the leads of Newgate. 

This scheme was laid before the court of aldermen, and approved of, but not 
put in execution till near 2 years after. For on the 11th of July 1752, Dr. 
Hales' acquainted Dr. Knight and Dr. P. that several of the tubes were finished* 
and that the machine had been going about 6 weeks ; therefore* being desirous 
to see the effects, he had appointed Mr. Stibbs the carpenter, employed in that 
work, to meet him that day at Newgate, and desired him to go along with them. 
They went accordingly, and having visited several of the wards, they were all 
very sensible, that such as were provided with ventilating tubes were much less 
offensive than the rest that wanted them ; and Dr. Hales and Dr. P. could per- 
ceive a considerable improvement in the air of the whole jail, since the time they 
had been first there with the committee. Some of the wards were so free from 
any smell peculiar to such places, that Dr. P. was persuaded, were Dr. Hales’s 
design completed, arid a person appointed to regulate the sliders of the tubes, 
and to keep die machine in order, the usual bad consequences from foul and 
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•crouded jails, might in a great measure, if not wholly, be prevented in 
Newgate. 

One of the wards allotted for the women had a small room adjoining to it, in 
which they usually slept. Both places seemed at that time well aired, though 
the latter was close, and-, he thinks, without either window or chimney. The 
prisoners informed them, that before this ward received the tube, this sleeping- 
place had been very offensive, but that soon after it. became sweet; and though 
on the first working of the ventilator they had been more sickly than before, 
they soon recovered their health, and had preserved it ever since. Now from 
this account it must not be inferred that any danger will arise from a sudden 
change of bad air for good ; since this accident may be better accounted for 
from another circumstance, which they were then likewise told of ; viz. that 
this ward of the women had been supplied by a ventilating tube before those in the 
lower story, where the air being in a more corrupted state, it had passed from 
thence through the seams of the floor, and other passages, to replace that, which 
was drawn off by the tube in the ward above : but that after the bad air was 
exhausted, the benefit of the fresh air soon appeared, by the better health of the 
prisoners. 

But as it was not his design in this paper to set forth all the advantages that 
might be expected from the ventilator, he would leave that subject to be treated 
of by the ingenious inventor of it ; and would only take notice, that the tubes 
from the several wards, uniting in one great trunk, convey all the putrid steams 
by that channel into the atmosphere, through a vent made for that purpose in 
the leads of Newgate ; and that though the wind was moderate during the time 
they staid in the jail, yet they observed, that the ventilator threw out a consi- 
derable stream of air, of a most offensive smell. Before they parted, Mr. Stibbs 
informed them, that Clayton Hand, one of his journeymen, while he was em- 
ployed in setting up the tubes, was seized with a fever, and carried to St. Tho- 
mas’s Hospital, after lying 6ome days ill at his own house. Apprehending that 
tins man’s side ness might be owing to the air of the jail, Dr. Knight and be 
having the curiosity a few days after to go to St. Thomas’s to make the inquiry, 
they found the patient sitting in one of the courts, recovered of hie fever, though 
still weak, and he gave this account : that on first finding himself indisposed, be 
had left off work for some days ; but on growing better he had returned to New- 
gate. That soon after happening to open one of the tubes of the old ventilator, 
which had stood there for 3 or 4 years, such an offensive smell issued from it, 
that being immediately seized with a nausea and sickness at his stomach, he was 
obliged to go home, and that the night after he fell into a fever, in which he 
lay about 8 days before his friends carried him to the hospital. That becoming 
soon delirious, he recollected no other symptom, succeeding these mentioned. 
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besides frequent retchings to vomit, a trembling of his hands, and a constant 
head-ach. This man had taken no medicine before he came into St. Thomas’s, 
and since that time was attended by Dr. Reeves ; but as that gentleman was not 
then present, they were informed by the apothecary, that Clayton Hand had 
been admitted in the advanced state of a continued fever, attended with a stupor, 
and a sunk pulse, and that the fever had not left hirn till several days after his 
admission. The nurse’s account was, that he had all along lain like one stupi- 
fied, and that after the fever went off, he had continued for some time veiy dull 
of hearing. They could learn nothing certain about the precise duration of the 
fever, but from what the patient and his attendants told them, they collected, 
that he must have been ill between 2 and 3 weeks. So that from all these 
marks, they made little doubt, but that this person had been ill of the tnae jail- 
distemper ; and were confirmed in their opinion by the following circumstance. 

In company with the convalescent was one Thomas Wilmot, another of Mr. 
Stibbs’s journeymen, who had likewise worked in Newgate, and whom they re- 
member a few days before to have seen in that place, very active, and in perfect 
health. This man told them, he had come to see his companion, but as he 
apprehended himself in danger of falling into the same fever, he should there- 
fore be glad of their advice. On examination they found his tongue white, his 
pulse quick, and that he complained of a pain and confusion of his head, with a 
shaking of his hands, and a weakness in his limbs. He said his disorder, had 
come on gradually, since the time they saw him in Newgate, but that he was 
then so very ill, he could work no longer. From which account it appeared to 
them, that this man had also caught the infection ; but as the fever seemed not 
to be quite formed, they had. hopes of stopping its progress : and with this view 
they advised him to take a vomit, and on the following night a sudorific. He 
followed the prescription, and the effects shall afterwards be mentioned. After 
Wilmot had told them his own case, he informed him of the indisposition of 3 
more of his companions, who had been likewise employed by Mr. Stibbs in 
Newgate : on which they took their direction, visited them, and found them all 
ill of the jail-distemper. The first was Michael Sewel, who lodged in the Swan- 
yard near Newgate. This man had been 10 days confined to his bed, without 
taking any medicine. He was then delirious, and had the petechial eruption : 
but observing that he lay in a close, ill-aired, and dirty room, without any at- 
tendants but his wife, then suckling a child, they believed he had no chance to 
recover where he was, and therefore recommended his case to Mr. Stibbs, who 
procured his admission that day into St. Thomas’s Hospital ; where he also 
recovered. 

The 2d was Adam Chaddocks, who lay at a green-shop in the little Old-Bailey. 
He was taken ill on the same day with the former, and had used no medicine. 
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He iiad likewise the petechial spots on his breast and back ; and though he was 
not altogether insensible, was affected with a stupor attended with a sunk pulse, 
and other symptoms of the distemper. His landlady, who took care of him, in- 
formed them, that he had been troubled with retchings to vomit, and a head- 
ach from the beginning, and that for some days past he had been seized with a 
looseness, and that his stools were very offensive. As the room this person lay 
in was large and well aired, they did not think it necessary to remove him, but 
recommended him to the care of Dr. Pate, physician of St. Bartholomew’s hos- 
pital, who attended him till he recovered. 

The 3d was John Dobie, apprentice to Mr. Stibbs, a lad about 15 years of 
age, who lived with his parents in a court by the White Bear in Canon-street. 
They saw him oh the same day with the other two, which was the 14th of his 
sickness, and the 12th since he took to his bed. His mother told them, that 
some of the journeymen working in Newgate had forced, him to go down into 
the great trunk of the ventilator, in order to bring up a wig, which one of them 
had thrown into it; and that, as the machine was then working, he had almost 
been suffocated with the stench, before they could get him up. That on coming 
home he complained of a violent head-ach, a great disorder in his stomach, with 
retchings to vomit, which had never entirely left him. They found him ex- 
tremely low, with a sunk pulse, a delirium, and an unusual anxiety or oppression 
about his breast. This last symptom they ascribed to the opiates he was then 
taking for a looseness, which had come on 2 or 3 days before they saw him. He 
being in no condition to be moved, and being besides well attended by his mo- 
ther, and in a well aired chamber, they prescribed to him there, ami repeated 
their visits, till he was quite free of the fever. It was observable, that before he 
■was taken ill, he had been twice let down into the great trunk of the ventilator, 
when the machine was standing still, without complaining of any ill smell, or 
receiving any hurt ; but that the last time, when the machine was working, 
he immediately cried out he was ready to be suffocated ; and the 2 men who 
helped him out, by receiving the foul steam from the trunk, were both set a 
vomiting so violently as to bring up blood. 

On the 23d of August, Thos. Wilmot, above-mentioned, called on Dr. Knight, 
and told him, that after taking the vomit and sudorific, he had immediately re- 
covered ; but begged him to see his wife, who then lay ill of a fever, at his 
house in Snow’s-fields, Southwark. The doctor suspecting that this woman’s in- 
disposition might be owing to the contagion received from her husband, ac- 
quainted Dr. P. with it, and carried him to see her. There they were informed, 
that Wilmot’s daughter, a girl of 8 years old, who lay with her parents, had 
been seized with a fever, soon after her father’s recovery ; that she had been ill 
about a fortnight, and they believed had spots on her breast, but that she had 
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recovered without any medicine. That her mother had not only nursed her, but 
continued to lie with her; and that some time after the girl’s recoveiy, the 
mother began to complain, and soon after fell into a fever ; and that it was the 
12 th day since she was confined to her bed. This woman having the pete- 
chias, a stupor, with deafness, and a sunk pulse, there was no doubt of her 
being likewise infected with the distemper, and probably by her daughter. As 
she had been without any assistance, they advised her husband to send for Mr. 
Breach, apothecary, in the Borough, who having served in the hospital of the 
army during the war, was well acquainted with the nature of such fevers : and 
having left directions with him, they did not return till after the crisis ; which 
happened on the l 6 th or 17 th day from the time she was confined to her bed. 

Some time after this, Mr. Breach the apothecary informed them that he was 
again employed in Thomas Wilmot's family ; for that Eliz. Marshall, his sister- 
in-law, after nursing his wife, was taken ill of the same kind of fever, and desired 
their .assistance. This person they found in the same bed, and in the same con.- 
dition, in which they had seen her sister some time before ; and in the room with 
her, in another bed, a son of Wilmot's, a boy of 9 years old, ill of the same dis- 
temper. The former had been attacked on the 15 th of September, and the 
latter the day before. The woman’s fever ran out the ordinary length of 16 or 
17 days, but the boy’s came some days sooner to a crisis, and was all along of a 
milder nature. She recovered very slowly, complaining of great weakness, 
deafness, and a confusion in her head, the ordinary consequence of these malig- 
nant fevers. 

One day, in his return from this house. Dr. P. called at St. Thomas’s hospi- 
tal, to inquire for one William Thomson, a lad of about 16 years of age, who, 
as Wilmot then told him, was another of Mr. Stibbs’s journeymen, and had 
been taken ill by working in Newgate, since the 3 he had mentioned before. 
This lad was recovered, but not yet dismissed. He said, that on finding him- 
self growing ill, he had left his work, and kept at home for about a week,, com- 
plaining of a pain in the hinder part of his head, and his back, of a trembling of 
his hands, and of restless nights ; that his feverish indisposition increasing, he 
had been obliged to take to his bed, where he lay about 8 days before he was 
sent to the hospital. The apothecary added, that he had continued under their 
care about the same number of days before the turn of his fever ; that his pulse 
had been extremely low all that time, and that they believed him to be in the 
utmost danger. He added, that the wife of Michael Sewel. (the second patient 
they had received, of those who had been employed in Newgate) some days after 
her husband’s admission, came to seek advice for herself, and that her com- 
plaints had been the same with Wilmot’s at the time they saw him ; he added . 
that he had given her some medicines, but had heard nothing of her since. . 
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On the last day of December Mr. Breach informed Dr. P. that about a month 
before, he had been called to attend Thomas Wilmot ; but as he died before he 
saw him, he could give no other account of his sickness, than as they told him, 
viz. that he had long been in a bad state of health, and that at last he became 
feverish, and went off with a looseness. 

In the beginning of this month (January 1753) the widow applied to Dr. 
Hales and Dr. P., in order to have the distress of her family attested, and laid 
before the lord mayor, in hopes of having some provision made for them. On 
which occasion they learned, that Thomas Wilmot her husband, after taking 
the sudorific, so far recovered as to work at his business ; but though he did 
not return to Newgate, yet his strength would not permit him to continue at 
work above a day or two at a time ; still complaining of a head-ach, and pains 
across his breast, or, as he expressed it, about his heart, of a feebleness of his 
limbs, a shaking of his hands, and a constant drought. That notwithstanding 
these ailments, he went daily, till a week before he died, when he grew very 
weak, and more feverish, had sometimes profuse sweats, and at other times a 
looseness, and that both these excretions, and also his breath, were remarkably 
offensive. That at last he was seized with convulsions, and having 3 fits in one 
day, he died in the last of them. Mrs. Wilmot added, that her youngest son 
James, a boy of 4 years of age, was after the father’s decease seized with the 
spotted fever, of the same kind with what had prevailed in the family, but that 
he recovered ; and that her own mother Eleanor Megget, who did hot live in 
the house, but came often to see and attend them, was also taken ill of a fever, 
but without spots, and died about 10 days after her husband. She concluded with 
tellihg them, that the distress of her family had been the greater, by her being 
deprived of all assistance from their neighbours, who having thus seen the whole 
family, one after another, seized with this fever, were as much afraid to come 
near them, as if they had been infected with the plague. 

Besides these 6 persons, that were taken ill by working in Newgate, and whom 
Dr. P> saw, there was another, called Rust, as Mr. Stibbs informed him, but 
whom he never visited. So that, besides Wilmot’s whole family, and Sewel’s 
wife, who received the contagion at second-hand, there were 7 originally infected 
in the jail, out of 1 1 only, who were employed by the master-carpenter in that 
place. Now as most of these 7 were attacked within a few days of each other, 
and by the same kind of fever, it is not to be doubted but that the distemper was 
owing to the corrupted air of Newgate. From all which it appears, how requi- 
site it is, that the public should take such measures, as may prevent the like 
accidents arising from foul and crouded jails ; or indeed from any place, where a 
multitude of people are long, closely, and nastily kept ; and which in all proba- 
bility can never be obtained without a constant change of air. 
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Then follows a letter from Mr. Stibbs, stating the number of men seized with 
the jail fever, and what proportion they bore to the whole number, employed by 
him in setting up the ventilator in Newgate. 

In this letter Mr. Stibbs gives the names of all the workmen tint worked on 
the ventilator in Newgate, and how many had the jail distemper. One of the 
principal men, whose name was Wilmot, died, and all the rest recovered. He 
was informed by the person, whose name was Jackson, that took care of the 
windmill and ventilators, that but 1 person had died within 2 months; whereas 
before the ventilator was used, there died 6 or 7 in a week; so that it' appeared 
very plain, that the ventilator caused tlie foul stagnated air to circulate^ and 
thereby consequently was drawn out of the several wards. 

Mens names: Mr. Sewel,* Mr. Hand,* Mr. Wilmot* (died), Mr. Letts, 
Mr. Chaddock,* Mr. Rust,* Mr. Morris, Mr. Bates, Mr. Thompson,* Bur- 
ton, apprentice, Dobie,* ditto. 

N. B. All tlvose marked * had the jail distemper. 

VII. Of the great Alterations which the Islands of Stilly have undergone since 
the Time of the Ancients , who mention them, as to their Number, Extent , 
and Position ; in a Letter to the Rev. Thomas Birch , D. D. Seer . R. S. by the 
Rev. Mr. IVm. Borlase, M. A., F. R. S. p. 55. 

The inhabitants of these isles are all new-comers; not an old habitation worth 
notice; nor any remains of Phenician, Grecian, or Roman art, either in town, 
castle, port, temple, or sepulchre. All the antiquities here to be seen are of 
the rudest Druid times; and, if borrowed in any measure from those eastern 
traders before-mentioned, were borrowed from their most ancient and simple rites. 

We are not to think, however, but that Scilly was really inhabited, and as 
frequently resorted to anciently, as the old historians relate. All the islands 
(several of which are now without cattle or inhabitant) by the remains of hedges, 
walls, foundations of many contiguous houses, and a great number of sepulchral 
barrows, show that they have been fully cultivated and inhabited. That they 
were inhabited by Britons, is past all doubt, not only from their vicinity to Eng- 
land, but from the Druid monuments; several rude stone pillars; circles of 
stones erect; kist-vaens without number; rock-basins; tolm£ns; all monuments 
common in Cornwall and Wales, and equal evidences of the antiquity, religion, 
and origin of the old inhabitants. They have also British names for their little 
islands, tenements, and creeks. 

How came these ancient inhabitants then, it may be asked, to vanish, so. as 
that the present have no pretensions to any affinity or connection of any kind 
with them, either in blood, language, or customs? How Came they to disappear, 
and leave so few traces of trade, plenty, or arts, and no posterity, that we can. 
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learn, behind them? Two causes of this fact occurred while Mr. B. was at 
Scilly, which may perhaps satisfy these inquiries: the manifest incroachments of 
the sea, and as manifest a subsidence of some parts of the land. 

The sea is the insatiable monster, which devours these little islands, gorges 
itself with the earth, sand, clay, and all the yielding parts, and leaves nothing, 
where it can reach, but the skeleton, the bared rock. The continual advances 
which the sea makes on the low lands, are obvious, and within the last 30 years 
have been very considerable. What we see happening every day may assure us 
of what has happened in former times; and horn the banks of sand and earth 
giving way to the sea, and the breaches becoming still more open, and irrecover- 
able, it appears that repeated tempests have occasioned a gradual dissolution 
of the solids for many ages, and as gradual progressive ascendency of the 
fluids. 

Again, the flats, which stretch from one island to another, are plain evidences 
of a former union subsisting between many now distinct islands. The flats be- 
tween Trescaw, Br£har, and Sampson, are quite dry at a spring tide, and men 
easily pass dry-shod from one island to another, over sand banks, (where, on the 
shifting of the sands, walls, and ruins are frequently discovered) on which at 
ftiH sea there are 10 and 12 feet of water. History confirms their former union. 
**■ The ides Cased erides, says Strabo, are 10 in number, close to one another; 
one of them is desert and unpeopled, the rest are inhabited.” But see how the 
sea has multiplied these islands: there are now reckoned 140; into so many frag- 
ments are they divided, and yet there are but 6 inhabited. 

But no circumstance can show the great alterations which have happened m 
the number and extent of these islands more than this, viz. that the isle of 
Scilly, from which the little duster of these cyclades takes its name, is no more 
at present than a high rock, of about a furlong over, whose difls hardly any 
thing but birds can mount, and whose barrenness could never suffer any thing 
but sea-birds to inhabit it. 

It has been mentioned before, that on shifting of the sands in the channel, 
walls and ruins are frequently seen; there are several phenomena of the same 
nature, and owing to the same cause, to be seen on these shores. Here then 
u re have the foundations, which were probably 6 feet above high-water mark, 
now JO feet under, which together make a difference as to the level of 16 feet. 
To account for this, the slow advances and depredations of the sea wffl by no 
means suffice; we must either allow, that the lands inclosed by these fences have 
sunk so much lower than they were before; or else we must allow, that since 
these lands were inclosed, the whole ocean has been raised l6 feet perpendicular; 
which last will appear much the harder and less tenable supposition of the two. 
Here then was a great subsidence; the land between Sampson and Trescaw sunk, 
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at least 16 feet, at a moderate computation. This subsidence must have been 
followed by a sudden inundation, and this inundation is likely not only to have 
destroyed a great part of the inhabitants, but to have terrified others who sur- 
vived into a total desertion of their shattered islands. By this means, as I ima- 
gine, that considerable people, who were the Aborigines, and carried on the tin 
trade with the Phenicians, Greeks, and Romans, were extirpated. These 
islands are no longer what they were anciently, fertile in tin ; nor are there any 
remains of such and so many ancient workings as could maintain a trade, so 
coveted by some of the ancients, and so industriously concealed by others. 
There are no mines to be seen in any of these islands, but only on one load (so 
we call our tin veins) in Trescaw island, and the workings here are very incon- 
siderable, and not ancient. It must therefore be matter of wonder where the 
Phenicians, Greeks, and Romans, could have found such a plenty of that useful 
metal. Whatever resources they had from Cornwall, formerly reckoned pro- 
bably among the Cassiterides, great part of their tin must doubtless have come 
from these islands; but where it was found is uncertain. Nothing now appears 
above ground which can satisfy such an inquiry. The story of the Phenician 
vessel mentioned by Strabo to have purposely run ashore, and risqued the men 
as well as lost the ship, rather than discover to the Romans the trade to these 
isles, is well known, and proves beyond all doubt the commerce to have been 
very advantageous. That the natives had mines, and worked them, appears from 
Diodorus Siculus, lib. 5, ch. 2 , and from Strabo, Geog. lib. 3, who informs us, 
that Publius Crassus sailing thither, and observing how they worked their mines, 
which were not very deep, and that the people loved peace, and at their leisure 
navigation, instructed them how to carry on this trade to better advantage: that 
is, seeing their mines but shallow, yet well worth working deeper, taught them 
how to pursue the metal to a greater depth. The question then: is, what is be- 
come of these mines? and how shall this question be answered, but by con- 
fessing that the land, in which these mines were, is now sunk, and buried under 
the sea? 

Tradition seems to confirm this; there being a strong persuasion in the western 
parts of Cornwall, that formerly there existed a large country between the Land’s- 
end and Scilly, now laid many fathoms under water. The particular arguments 
by which they support this traditon, may be seen in Mr. Carew’s Survey of Com 
wall, p. 3, and in the last edition of Camden, p. 11 . 

But though there are no evidences, to be depended on, of any ancient con- . 
nection of the Land’s-end and Scilly, yet that the cause of that inundation, 
which destroyed much of these islands, might reach also to the Cornish shores, 
is extremely probable ; there being several evidences of a like subsidence of the 
land in Mount’s-bay. The principal anchoring place, called a lake, is now a 
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haven, or open harbour. The mount, from its Cornish name,* we must con- 
clude to have stood formerly in a wood, but now at full tide is half a mile in the 
sea, and not a tree near it. 

VIII. Of Mr. Appleby's Process to make Sea- water Fresh. By W. Watson , 

F. R. S. p. 69. 

Mr. Appleby’s process is as follows: Into 20 gallons of sea water put 6 oz. 
of a fixed alkali, prepared with quick-lime as strong as lapis infernalis, and 6 oz. 
of bones calcined to whiteness, and finely powdered. With a slow fire, draw 
off in a common still 1 5 gallons. — Mr. Appleby conceives, that the alkali here 
employed, is the best adapted to prevent the bituminous matter in sea water from 
rising by the heat in distillation. 

The experiments of Mr. Clark, chemical operator at Apothecaries’ hall. — Into 
a spoonful of the distilled sea-water he put 20 drops of a solution of silver in- 
aquafortis: he likewise did the same with the like quantity of common water 
distilled. There appeared no change in either, and both retained their transpa- 
rency. This demonstrates, that the distilled sea-water is by the process entirely 
freed from marine salt, or its acid spirit. For, if we take a spoonful of common 
distilled water, and add the least particle of sea-salt, with the point of a pen- 
knife, and then drop into the mixture 1 or 2 drops of the solution pf silver, it 
will appear turbid and milky. 

From the number of animal bodies constantly perishing in the sea, it may 
reasonably be suspected, that a volatile urinous spirit may be retained in this dis- 
tilled water; and this is evident from the following experiment: into a spoonful 
of distilled sea- water drop 10 drops of a strong solution of sugar of lead, and 
the mixture immediately becomes turbid and milky. Into another spoonful of 
common distilled water, with 2 drops of spirit of sal ammoniac, and 10 drops of 
a solution of sugar of lead ; and this mixture had the same appearance with the 
foregoing. 

If into a spoonful of common distilled Water be dropped 1 drop of oil of tartar 
per deliquium, and then added 10 drops of a strong solution of corrosive subli- 
mate, the mixture will immediately become turbid and brown, and with a few 
drops of the solution of silver, it will be precipitated, and turn milky. It is 
therefore a volatile alkali, and not a fixed one, that is contained in this water. 

The solution of silver will not discover a volatile alkali contained in water, but 
very plainly a fixed one. A solution of sugar of lead will not discover a small 
quantity of marine salt or spirit, till we add more. A solution of sublimate willi 
manifest both a volatile and fixed alkali. 

Guavas Jake, signifying the grey rock in a wood. — Orig. 
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IX. On the Antiquities dug. up from the Ancient Herculaneum , dated from 
Naples, Nov. 18 , 1752. By Sig. Camillo Paderni. Translated from the 
Italian . p. 7\. 

The things, of which Sig. Paderni says he had the charge, are many, and 
extraordinary, consisting of metals: that is, bronzes, silver and gold of all kinds, 
of excellent workmanship. Beautiful cameos and intaglios. Glass of all sorts. 
Various productions of the earth; such as, grain, beans, figs, dates, nuts, pis- 
tachios, almonds, rice, bread. Colours for painting. Medicines in pills, and 
other forms, with their marks. A phial of oil. Gold lace, perfectly well pre- 
scrveck and extremely curious, on account of its being made with massy gold, 
spun out, without any silk, or other yarn. Soap, bran, and a variety of other 
things, which it were tedious here to enumerate. 

There were found many volumes of papyrus, but turned to a sort of charcoal, 
and so brittle, that, being touched, it fell to ashes. Yet by his majesty’s orders, 
he made many trials to open them, but all to no purpose; excepting some scraps 
containing some words, by which it appeared in what manner the whole was 
written. The characters are made with a very black tincture, exceeding the 
darkness of charcoal.* 

There were found also very lately 3 beautiful statues of marble, and one of 
them excellent; 6 heads of bronze, of which there was one that gave hopes 
of finding the statue it belongs to. It is a young Hercules, of a kind of work 
that has no fellow in the way of metal, having the hair finished in a surprising 
manner. Also several little figures of metal ; a sistrum very neat and well pre- 
served; and not a day passes but they bring some curiosities newly found. 

X. A Translation and Explanation of some Articles of the Book intitled , 
Thtorie de la Figure de la Terre . By Mons. Clairaut of the Royal Academy 
of Sciences at Paris , and F. R. S . p. 73. 

Mr. Short, in his account of Father Frisi’s Disquisito Mathematiea in Causam 
Physicam Figurae et Magnitudinis Telluris Nostrae, having reported that philoso- 
pher’s sentiments on my reflections, says M. Clairaut, on the same matter, 
without taking the trouble to examine whether they were founded on the truth 
or not, I find myself under the necessity to lay before the Royal Society the pas- 
sages of my book, which, having been misunderstood by F. Frisi, have occa- 
sioned the misconstruction made of my sentiments, either on the trust I give 
to the actual operation made for discovering the figure of the earth, or Sir Isaac 
Newton’s theoretical inquiries about the same subject. 

* Since this was written some successful attempts have been made to unravel these ancient manu- 
scripts, which treat of philosophy, music, Ac. 
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The expressions of Frisi, referred to by Mr. Short, are as follow: 

Quia tamen plerique omnes hucusque, aut nihil pro figura telluris determi- 
nanda ex iis observationibus deduci posse cum geometra celeberrimo Ruggero 
Boscovik autum&runt, aut exinde cum ill. Clairaut, Bouguer, aliisque, contra 
incomparabilem virum ac prope divinum Isaacum Newton insurgentes, admirc- 
bilem ipsius theoriam facto minus respondentem dixerunt, assignatamque in prop. 
1 9 , lib. 3, Princip. Mathem. terrestrium axium proportionem 4 vera absonam 
omnlno esse, alios mihi observationibus parum, alios nimis tribuere visum est, 
omnes ferme oppositis erroribus pecc&sse, ubi res neque aurificis lance, neque 
molitoris, ut aiunt, statera librandce sunt.” 

This, when compared with the propositions of my theory, which they relate 
to, will appear, I hope, quite incoherent; and I cannot show it more clearly 
than by translating the last chapter of my book, to which Frisi refers the reader. 
For the better understanding of that chapter, it is proper to know, that the 
chief results of the precedent inquiries are these theorems: 

1 . Supposing the earth in its former state composed of several fluids of dif- 
ferent densities, and settled all in equilibrium by the laws of gravity and centri- 
fugal forces, the surfaces separating the different mediums will always affect the 
form of a curve, which is so near to the ellipsis, that it may be , supposed so, 
without any error of the least moment. 2. That, in the case of the denser 
fluids being nearer to the centre, as hydrostatics require, the spheroid will always 
be less flat than in the homogeneous one, and vice versa. 3. And as to the 
diminution of the gravity from the pole to the equator, it will always follow the 
opposite rule, viz. if the spheroid be denser towards the centre, the gravity will 
decrease in a less ratio than in the homogeneous spheroid, and vice versa. 4. 
That if $ represent the fraction found out for the difference of diameters, 

— S will express the total diminution of the gravity from the pole to the equator, 
not only in the case of the spheroid supposed originally fluid, but in any suppo- 
sition of variation for the densities and proportion of the diameters of the beds, 
provided they be elliptical. 

These premised, let us proceed to the last chapter of the theory of the earth’s 
figure; in which the principles laid down in the preceding chapters are compared 
with the observations. 

^ 68. For the diminution of the gravity from the north to the south. 

It has been seen in the preceding chapter, that when a spheroid is not suj)- 
poeed homogeneous, the diminution of the gravity from the pole to the equator 
will lac greater than in the case of homogeneity. Hence, if my theory holds in 
our globe, the whole decreasing of the gravity will be equal to i-j-®- or greater, 
and never less; since the ratio of 230 to 231 will (fy 21) express the ratio of the 
.action of gravity at the equator and pole, when the spheroid is homogeneous, 
von. x. U u 
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And this conclusion of my theory quite agrees with experience; for, from all the 
observations relating to the gravity made in several places of the globe, either by 
actual measures of the second pendulum, or by the difference of duration of the 
same pendulum’s vibrations, it appears, that the gravity decreases from the north 
to the south in a greater ratio, than it would be, if the total diminution from 
the pole to the equator were only T~d“T # ' 

$ 69 . For the proportion of the two diameters. 

Supposing, as in the precedent chapter, the earth originally fluid, it follows, 
from the § 65, that the ratio of the two diameters cannot exceed that of 230 
to 231; since 20 ) 230 to 231 is the ratio in the case of the homogeneous 
spheroid; and as the mensurations of the gravity cannot agree with the supposi- 
tion of the homogeneity, the diameters of the earth ought to be in a ratio less 
than 230 to 231. 

Without adhering to the supposition of the earth’s being formerly fluid, but 
admitting, as in the chap. 3 and 4, all generality possible in the variation of 
density and ratio of diameters of the beds or strata laid down from the centre to 
the surface, there will still happen a difference of the diameters less than -j-K* 
For, by $ 50, the total diminution of the gravity from the pole to the equator 
being subtracted from -rJ-r, the remainder is the difference between the diameters. 
Now the diminution of the gravity having been found greater than the 
ellipticity, or difference of diameters, ought to be less than that fraction, and 
consequently the ratio of diameters less than 230 to 231. 

That consequence of my theory is not so happy as the preceding; for the de- 
gree measured in the north, compared to that of France, give the two diameters 
as 177 to 178 1 , which ratio is greater than 230 to 231 instead of being less, as 
the theory would require. 

As the measures made in the north have been performed with great care and 
exactness,* their result seems at first to be preferred to that of my theory. But 
a reflection on the errors unavoidable in actual measures, and an examination of 
the limits of these errors, will show that, without violating the measures, they 
would be bought nearer the theory, and even agree with it. For, by. a conve- 
nient calculation, it will be found, that a diminution less than t)0 toises, made 
to the difference between the degrees of Paris and Tornea, would give the dia- 
meters in the ratio of 230 to 231 ► And if it be considered what is the smallness 
of an error of 60 toises, when divided in two operations, which require so great 
a number of astronomical and geographical observations, it will be thought that 
an error a little larger may be supposed, without disparaging either our operation^ 
or Mr. Picard’s; and thus theory and experience would agree. 

• Those measures have been since found very erroneous. 
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Supposing, for example, that die difference between the degrees of Paris and 
Tornea has been found too great by 80 toises, die difference between the two 
diameters will come out about which, subtracted from -Hr? gives -j-J-j- for 
the diminution of the gravity from the pole to the equator. And such a con- 
clusion would agree pretty well with the observations made in France and Lap- 
land with the excellent clock of Mr. Graham. 

However, though the errors to be supposed in the operations, to reconcile 
them with my theory, be in themselves small enough, I shall abstain from as- 
serting that they have been committed. It is a fact not to be decided, till after 
the result of the observations which are expected from Peru. For the great 
difference which is to be found between the degrees of Quito and Tornea, is 
the only means of knowing whether the diameters be less or greater than 230 
to 23 1 . 

Were the question only, to demonstrate the flatness of the earth, the mea- 
sures of the degree of Paris and Tornea would be full sufficient; but to discover 
the true ratio of diameters, is what can be performed only by the comparison be- 
tween the degrees whose mutual distance is the greatest. 

Such a ratio once fixed, if it happen to be less than 230 to 231, it will be 
very easy, by the preceding theory, to imagine some hypothesis for the inside of 
the earth, which shall agree with both theory and observation, whether admitting 
the supposition of the original fluidity of the globe, or not. 

But if the diameters were found undoubtedly in a greater ratio to one another 
than 230 to 23 1 , I own, that not only the theory established in this second part 
of my book must be abandoned, but it would be very difficult to reconcile the 
measures of the pendulums with those of the degrees on Sir Isaac’s system. 
And I dare say, that the success in that case would hardly depend on any na- 
tural hypothesis. 

The subsequent 70th article containing only a proof, that the preceding theory 
agrees with any ratio between and 4-, for the quantity which expresses the ex- 
cess of Jupiter’s equator above its axis, there is no necessity for the translation of 
the arguments leading to a result so answering to the observations ; and I pass to 
the conclusion of that article, which ends my book. 

The preceding theory agreeing with all the measures of the pendulum, and 
observations of Jupiter’s diameters, if besides it happen, that the measures ex- 
pected from Peru give, when compared with those of Lapland, a difference of 
diameters less than T 4-», this theory will have all possible confirmation, and the 
universal gravitation so well agreeing with the motions of the planets, will also 
agree with their figures. 

Now I beg every candid reader to examine, whether, in that chapter quoted 
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by F. Frist, I have too much relied on the certainty of observations, and at- 
tempted to disparage Sir Isaac Newton’s discoveries. 

In the first place, I will ask F. Frisi if before the operations, which I de- 
pended on, were performed, I could .establish any thing against their agreeing, 
or not, with Sir Isaac’s proposition about the same matter ? 

He perhaps will answer, that my remark of the 69 th art. “ But if the dia- 
meters were found undoubtedly in a greater ratio to one another than 230 to 
231,” imports that I was not thoroughly convinced, that what care soever would 
be taken by the gentlemen sent into Peru, they never would be able to measure 
their degree with a sufficient exactness, to conclude, from its length, compared 
with that of the other degrees, whether the diameters were in a greater or less 
ratio than 230 to 231; and consequently he will think, that my being in sus- 
pense about it was an offence against Sir Isaac’s theoretical determination. Then 
I request F. Frisi to tell me, why he is so good as to commend operations so void 
of use, as those which tended only to discover what was demonstrated before; 
and needed not to be confirmed, since it could not be invalidated. 

Perhaps F. Frisi, in representing me as depending too much on the observa- 
tions, relied on these expressions of the 69 th art. ‘ As the measures of the gra- 
vity cannot agree with the supposition of the homogeneity and I confess, that 
it seems to me impossible to reconcile the great number of all the measures of 
that sort with the table which follows the homogeneity. For the simplicity of the 
means made use of in the performance of those measures cannot admit tire errors, 
which should be supposed to bring them to Sir Isaac’s theory ; but as this theory 
is founded on the homogeneity, which is only a mere supposition ; and as he has 
himself suspected, in his second and third edition, that the internal parts of the 
earth might be denser than those towards the superficies, I do not see how I 
oppose myself to that illustrious philosopher, when I assume the same hypothesis . 
as he does. As I shall use all possible endeavour to understand F. Frisi’s mean- 
ing, I hazard this conjecture. Seeing that I thought favourably enough of. the 
exactness to be obtained in astronomy, when observations have been' already 
made in great numbers, and with all possible care, to suppose them fit to let us 
know, whether the diameters are in a greater or less ratio than 230 to 231 ; and 
being informed afterwards, that the operation made in Peru led those who have 
made use of it to imagine the spheroid flatter than the homogeneous,, he com 
eludes, that I cannot help thinking like them, and accordingly indulges himself 
in exposing how much I over-rate the validity of observations, and how little I 
know the submission due to a proposition of Sir Isaac ; which, I must say by 
the bye, that great man has never himself given as impossible to be opposed by 
experience. But yet I would ask of F. Frisi, why he will guess at my sentiments,. 
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while I have not given room to know them on that point ? How can he know 
whether, since the examination of all the measures, I have not found any way to 
reconcile them with the theory ? Which I say in no manner as a hint I intend to 
make any corrections in those measures, but merely to show the little foundation 
which F. Frisi had to represent me as he has done. 

However difficult it may be to account for F. Frisi’s expressions, I shall hazard 
yet another conjecture. His great zeal for Sir Isaac, for which he is certainly to 
be commended (if not blinded by that zeal) has hindered hirp from distinguish- 
ing between the different ways of opposing that great man’s sentiments. Per- 
ceiving then, that my calculations (§ 50, part 2) had led me to a result quite 
different from Sir Isaac’s assertion, (Prop. 20, lib. 3), he was offended at my 
boldness to such a degree, that he was unable to examine impartially what I 
said ; and instead of discussing a mathematical question quite independent of any 
actual measure, wherein if I were mistaken, he would have forced every geome- 
trician to condemn me, he has supposed that I have built my argument on an 
operation which was not performed at the time when I wrote. 

This conjecture would appear to me the true cause of F. Frisi’s error, if it 
were not inconsistent with a proceeding of his towards Sir Isaac, which I will 
venture to relate. After F. Frisi has examined himself the 19th problem of the 
third book of the Prinfcipia, which is much less complicated than that I spoke 
of, the truth of which is incontestable, he finds, by his own mistake, a disagree- 
ment with the result of that proposition, and charges that illustrious aut.ior, 
without the least apology, with an error, which, says he, (quite from the pur- 
pose) is the 6th, that has been found in the same work, and also gives an enu- 
meration of the 5 others, though they are not at all concerned in the question. 

I cannot forbear saying, that the maimer in which I have proposed my re- 
marks on the 20th proposition of Sir Isaac, has nothing of that slight way of 
treating so great a man ; and as my utmost wish is to be judged on that account 
by the Royal Society, I shall relate what were my objections ; which I cannot 
effect in a more concise and dear method, than by giving the translation of the 
article which contains it. 

^51. Of the 2d part of the theory, See. ‘ In which is seen what had induced 
Sir Isaac Newton to think, that the placets, when denser at the centre than at 
the surface, ought to be flatter than in case of homogeneity.’ 

« Some years ago I gave, in the Philos. Trans. N° 449, the theorem of the 
preceding article ; and on this occasion I mentioned a passage of Sir Isaac con- 
trary to it. Not having at that time looked into the 2d edition of his Principia, 
I could not know what had engaged that illustrious philosopher to think so ; and 
far from suspecting any mistake in his proposition, I was contented to think, 
that the difference between our conclusions arose from a different way of con- 
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ceiving the inside of the earth ; and I imagined, that he had happened to fall on 
such a disposition of parts, as would answer to his assertion. I then followed 
only his commentators, and especially Dr. Gregory, showing, that his explana- 
tion of Sir Isaac’s conclusion was wrong, as grounded on a proposition which 
did not hold in the present case. For that proposition (which is, that the gra- 
vity at any point of the earth is inversedly as the distance from the centre) only 
holds when the earth is homogeneous ; and consequently ought not to be made 
use of, when the density is greater towards the centre .than at the superficies.’ 

‘ Since I have discovered that the theorem, the demonstration of which I had 
given in the Philos. Trans, for the case of beds supposed of the same ellipticity,. 
holds in an infinity of other suppositions, I have taken greater care to discover 
what could have induced Sir Isaac to think that the earth is flatter, as the gravity 
is more decreasing from the pole towards the equator; and I believe I have found 
it out in the second edition of the Principia, and it is, for having built on the * 
same argument as Dr. Gregory.’ 

* In p. 386, after having observed, that the experiments gave a diminution of 
two lines to the second pendulum from the pole to the equator, he argues thus : 
Since, says he, the case of homogeneity afforded only to 4, the difference 

7£ miles between the two diameters (which followed from the same hypothesis) 
is to be magnified in the ratio of 1 - ,- g & t to 2, and it will come out 31-^ miles 
for the real difference. For, pursues he, the retardation of the pendulum at the 
equator denotes the diminution of the gravity in that place ; and the lighter the 
matter is there, the higher will it rise to be equiponderant with that of the pole.’ 

‘ Further, p. 387, examining the measures of the degrees of latitude made in 
France by M. Cassini, by which the' earth is higher at the pole than at the 
equator by about 95 miles, he pretends, that accordingly the pendulum should 
be longer at the equator than at the pole by about half an inch. And all that 
shows the opinion which Sir Isaac was of, that in any case whatever, the equili- 
brium requires a gravity inversely proportional to the length of the columns, 
which proportion, as I hope to have evinced, is only demonstrated in the case of 
, homogeneity, and is not true in general. Thus, what I argued in the PhiJ. 
Trans, against Dr. Gregory, holds also against Sir Isaac.’ 

By all that I have said, every body may judge, whether differing from Sir 
Isaac's sentiments on a point, which I had for so long a time examined, I did 
not express my disagreement with him in as decent a manner as any one should, 
when speaking of so great a man. And in case the r. s. thought some alterations 
were to be made in the form of my remarks, I declare that I shall execute it, as 
may be prescribed to me by that illustrious company. But I cannot help think- 
ing, that unless those, who would examine my demonstrations, find some error 
in them, no alteration is requisite to be made in my expressions. I desire then 
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either F. Frisi, or any geometrician who thinks the question worth his exa- 
mination, to take the trouble of reviewing my calculations, and to believe me 
ready to acknowledge my error, when shown to me by a candid and impartial 
examiner. 

Of a Storm of Thunder and Lightning , near Ludgvan in Cornwall. By the 

Rev. Mr. IVm. Borlase, M.A., F.R.S. Dated Ludgvan, Feb. 1 , 1753. 

p. 86. 

This storm was oti Dec. 20 preceding. The first traces in the parish of Mad- 
dern, - were an incision, or scratch, made in the turf, about 3 inches wide, and 
2 deep, where the lightning coming up from the south-west, passing through 
the bank, and issuing out from the bank in 3 streams, which united again, and 
turned away to the north. About 10 paces to the north of these breaches, there 
are more marks of the same kind, but not in the same direction ; for the light- 
ning here came from the north-west, and, passing upwards, the furrow, which 
it had made, grew wider, and somewhat deeper, as it gained on the hill, espe- 
cially where it met with bank or stone; and some banks were 5 feet wide, which 
had their tops untouched, but were pierced through as with a buflet. This se- 
cond furrow was (as all the rest) not in a straight line, but in a vermicular direc- 
tion, and with its turnings led to a karn, or ledge of flat rocks, striking off many 
splinters from it, and in some places making a perforation through it. There 
were made also furrows 10 inches wide, and a foot deep ; besides which, were 
several places in the hill which had holes about a foot wide, and 6 or 8 inches- 
deep, and several clods cut thin and clear off from the ground : which shows, 
that as this lightning went like darts through banks and stones, and tore up the 
ground in many places like a ploughshare, so in other places it spread into a 
horizontal thin edge, which scooped up and carried off the little unevennesses of 
the turfy ground. The whole workings of this lightning were in length about a 
furlong from west to east. 

The first thunder-clap was succeeded, in less than a quarter of an hour, by 
another, which broke at a village, in the parish of Gullval, called Trythal, about 
a mile and half to the south-west of Moelfra hill, and was attended with the fol- 
lowing melancholy accidents: 

Thomas Olivey, a respectable farmer, had returned from the field, about a 
quarter before 12 o’clock, and had all his family round him in the kitchen, ex- 
cept his daughter, who was in the hall. There was a pan over the fire in the 
kitchen-chimney, full of boiling water. The farmer was sitting by the fire, and 
his wife on a bench before it ; their only son, 23 years of age, was standing at 
the window, when it lightned much, and the first clap of thunder followed. 
This was so violent that the back door of the kitchen, which opened to the 
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north, quivered. The farmer called to his son, and desired him not to stand so 
near the window, lest the lightning should hurt his eyes ; on which the young 
man removed from the window, backwards, into the corner of the room, and 
sat down. The lightning came from the west- north-west, and falling on the 
stack of the kitchen-chimney, which was about 4 feet square, and as much in 
height, of hewed stone, carried it clear off from the house, and threw it into a 
pool of water 20 feet distant. In the chamber over the kitchen, directly beneath 
the top of the chimney, there was a little closet boarded in ; all the boards were 
broken to pieces, the timbers of the roof shattered ; as also the bedstead in that 
chamber; of the chamber-partition 2 planks were forced, a large cloaths-press 
thrown, and the south windows of the chamber-floor (excepting one casement) 
all broken, and blown out. From the top of the chimney, and chamber-floor, 
it descended into the kitchen below, where the family was: the farmer saw no 
lightning, nor heard any thunder, after the first clap before mentioned ; but was 
struck senseless with the first flash, and thrown into the middle of the kitchen, 
and continued senseless for a quarter of an hour. As soon as he came to him- 
self, he asked, who struck him ? but had not the use of his arms ; and felt an 
aching pain, shooting, as he described it, into his bones; and a brand-iron, 
which hung in the chimney, being thrown down into the pan of water, on the 
fire, had dashed the boiling water upon him to that degree, that his life was in 
extreme danger for more than a fortnight after. Mrs. Olivey was struck down 
before the hearth. Both her shoes, though buckled on as usual, were struck 
off her feet ; but her feet not hurt : and being neither burnt nor senseless, was 
able to cry out for help, but could not move ; for she had no use # of her under- 
limbs for a day and a half. 

The farmer’s brother was at the end of a long table in the same room, and 
was only flung against the wall, about 3 feet distant, not hurt. Mrs. Oliver’s 
sister was near the back door ; a plank of this door was started, and beat in : 
she was struck senseless, and thrown 12 feet off against the settle, which stood 
against the south wall of the house. 

The farmer’s son had his coat and waistcoats (for he had two on) tom into 
shreds, so that it could hardly be distinguished where the pieces had formerly 
joined ; his shirt had a rent 2 feet long down the back, and was scorched j his 
left shoe tom from his foot ; and the little toe of that foot so nearly cut off, that 
it hung only by a bit of skin ; and he was quite dead. But though reduced to 
this lamentable condition, as to his exterior, he was not moved from his seat, nor 
his face at all changed : his dog was lying at his feet, dead likewise, but never 
moved. 

The farmer’s daughter received the shock in the hall ; was struck senseless, 
but revived soon ; felt a trembling all oyer ; her feet tickling, and partly be- 
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numbed «id stiffj as if sluing ; b,ut perceiving in the room a cloud of smoke, 
and hearing her mother cry, she made haste into the kitchen, which she found 
full of smoke, stinking like brimstone. The lightning had left a mark quite 
across the davel of the kitchen-chimney, about half an inch wide, in an undu- 
lating direction, broke through the partitions of the under floor, thrown down 
the shelves, carried out all the south windows, forced up the stair-case, blown 
out the north window, missed or spared a clock, which stood close by the win- 
dow; and being somewhat spent, when it reached the hall, carried out the 
Windows ; moved not some Delft basins, which were in the south window, but 
forced the door of a beaufet, at the end of the hall, an inch and a half inwards ; 
and shook the eastern wall of the house to the very foundation. 

The clouds over Moelfra hill, and the village of Trythal (a space of a mile and 
a half) were so heavily charged with lightning, that here they broke, both the 
first and the second time, and the thunder-claps were within a few minutes of 
each other, as being produced but by two portions of one and the same 
congeries. 

The general tendency of this lightning was as the direction of the wind at that 
time ; that is, from the north-west to the east, but where the principal explo- 
sions were, as at the hill, and the house, many branches spread off in all direc- 
tions. Nor were the shapes, in which it operated, less different than its motions. 
(Sometimes, as it appeared to Mr. B. at Ludgvan, it Was pointed as a dart ; in 
pome places edged as a scythe, now but one thin sheet or stream, then 2 or 3, 
and then one again. Now it fell as several separate balls of fire ; but on the 
house as a large gush or torrent. It was all fire, yet of different powers, ac- 
cording to the impregnation of its several portions. Subtil and 'penetrating as 
the electrical fire, it affected, shocked, and permeated, all the human frame. 
Some parts of it only scorched wood, but did not melt iron, as with lightning is 
very common : some tore the leather and clothes ; some cut and wounded, and 
some killed without wound or rent ; and other parts of this lightning again, upoq 
stone, wood, leather, clothes, and flesh, only rushed and forced with the power 
of air put into a violent agitation. All this happened in this place, and all 
in an instant : and though the clothes were somewhat singed, as well as torn, and 
the young man's skin round his waist was also scorched, yet, from the general 
effects of this lightning in both places, it was rather swift, and irresistibly 
piercing, than inflammatoty. The house stands very high, without tree or hill 
near it. 
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XII. A Second Letter of the Rev. William Henry , D. D. concerning the Copper 

Springs in the County of Wicklow in Ireland, p. 94. 

This is only a confirmation of the former account of procuring copper by 
means of iron bars laid in the stream of copper-water. He further remarks, that 
to prevent any dirt or mud from being carried out of the mines > by the streams, 
which are let into the pits, where the iron bars are deposited, the stream, as it 
issues out of the level, is collected into a large deep basin, where all the dirt sub- 
sides ; and the clear water only is from the surface of the basin let out into 
the pits. 

XIII. The Construction of the Logarithmic Lines on the Gunter s Scale. By- 

Mr. John Robertson,' F.R.S. p. 96. 

The Gunter’s scale (so called from its inventor Mr. Edmund Gunter, astn> 
nomy professor in Gresham-college, from March 6, 1619, till his death, Dec. 
10, 1626,) is an instrument almost universally known, and amply described by 
many writers; therefore Mr. R. only shows on what principles the divisions of 
the logarithmic sines, tangents, and versed sines, are usually protracted. 

The line of numbers on these scales consists of 2 equal lengths, commonly 
called 2 radii ; the first containing the logarithms of numbers from 10 ta 
100; and in the second are inserted those between 100 and 1000, or such of 
them as can conveniently be introduced. These divisions are taken from a 
scale of equal parts; such, that 100 make the length of one radius; and from 
this scale, the divisions for the sines, tangents, and versed sines, are also 
taken. Now, from this construction of the line of numbers, it is plain that, as 
the numbers in one radius exceed those in the other, by one place in the scale 
of numeration ; therefore the difference of their indices must also be unity ; so 
that such numbers only, whose index differs by 1, can be estimated in a length 
of 2 radii ; but in a length of 3 radii, numbers, whose indices differ by 2, may 
be read ; and a difference of 3 may be reckoned in a length of 4 radii, &c. The 
tables of logarithmic sines, tangents, secants, and versed sines* are generally 
computed for a circle, whose radius is 10,000,000. 

As the length of die Gunter’s scale admits of no more than 2 radii, or of such 
numbers only whose index differs by unity ; therefore, within this length* no 
more of the sines, tangents, or versed sines, can be introduced, than those 
whose index differs by unity : and as not only the greatest number among the 
sines and tangents, but also those more generally wanted, have the indices 9-and. 
8 differing by unity ; therefore all the sines from QO° to 0° 34 A , and all the tan- 
gents from 45° to 0° 34', are those only which are put on these scales ; the divi- 
sions answering to the lesser sines and tangents being omitted for want of room-. 
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And this is the reason, why the sine of 90°, and the tangent of 45°, are limited, 
by the sam e termination as the 2d radius on the line of numbers. 

To construct the line of logarithmic sines. 

From the scale of equal parts, take the numbers expressing the arithmetical 
complements of the log-sines of the successive degrees, and parts of degrees, in- 
tended to be put on the scale, descending orderly from 9O 0 : then these distances 
successively kid from the mark representing 90° at the right-hand end of the 
scale, will give the several divisions of a scale of logarithmic sines. For, the ends 
of any scale being assigned, the progressive divisions of that scale are laid on.it 
from that end which represents the beginning of the progression : or, the same 
divisions may be kid from the other end, by taking the complements of the 
terms to the whole length of the scale : consequently the arithmetical com- 
plements of the sines are to be laid from the division representing 90 
degrees. 

To construct the line of logarithmic tangents. 

These are laid down in the same manner, and for the same reasons, that the 
sines were ; the tangent of 45° standing gainst the sine of Q0°. The divisions 
for the tangents above 45°, are reckoned on the same line from 45° towards the 
left hand ; or any tangent and its co-tangent are expressed by the same division. 
Thus one mark serves for 40° and 50°; and the division at 30° serves also for 
60°; that at 20° serves for 70°, &c. and the like is to be understood of the in- 
termediate divisions. For, as the tangent of an arc, is to radius ; so is radius; 
to the co-tangent of that arc. Therefore the tangent is equal to the square of 
radius divided by the co-tangent. And the co-tangent is tt|ual to the square of 
radius divided by the tangent. 

Now the radius being unity, its square is also unity. Therefore the tangent 
and co-tangent of any arc are the reciprocals one of the other. But the recipro- 
cals of numbers are correlatives to the arithmetical complements of their loga- 
rithms. Therefore the logarithms of a tangent and its co-tangent, are arithmetical 
complements one of the other; and consequently will fall at equal distances 
from 45 degrees. Therefore, in the line of logarithmic tangents, the divisions 
to degrees under 45, serve also for those above ; -both being equally distant from 
A5 degrees. 

To construct the line of logarithmic versed sines. 

As the greatest number of degrees will fall within the limits of the scale, by 
beginning at 180°; therefore the termination of this line is at 180°, which is put 
against 90P on the sines : and though the numbers annexed to the divisions in- 
crease in the order from right to left, yet they are only the supplements of the 
versed sines themselves. Now subtract the logarithmic versed sines, of such 
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degrees and parts 6f degrees as are Intended to be put on the scale, from the 
logarithm versed sine of 1 80° ; then the remainder taken from the formal scale 
pf equal parts, and laid successively from the termination of this line, will give the 
Several divisions sought. 

Hence it appears* that the least versed sine, which can he introduced within 
the length of a double radius, falls between 10° and <*0°, where the [index, dhangefe 
from 1 to 2; which will happen about 11° 28'. 

If a table of logarithm versed sines to 180 ? are wanting, they are easily made 
by the following rule: Take the logarithm sine of 30° from twice the logarithm 
sine of (k) any number of degrees ; the remainder is the logarithm versed sine of 
(2k, or) twice those degrees.” For it is a well-known goniometricfid property, 
that the sine 6f any arc (a), iB a mean proportional between mdius (it) and hatf 
the versed sine of twice that arc. 

Therefore, putting v for the versed sine, and s for the sine ; 

then v 2a = = ssa X — | = -ma X t\ =) ma X +; radjus being 10. 

Or the log. v 2a = 2 log. ja — log. 5* 

But when radius is lO, the sine of 3dP ie 5. - 

Therefore the log. v2a = 2 log. sk — log. sine of 30^ . 

Most of the writers on this subject give the following rule for laying down the 
divisions of this line: From the line of logarithmic sines, take the distance be- 
tween 90° and any arc ; that distance being twice repeated, from the termi- 
nation of the line of versed sines, will give the division for twice the complement 
of that arc.” Thus the distanoe -between QOP and 20° on the sines twice repealed, 
gives the versed sine of 140°; or twice 70°, the complement of 20°. For the 
divisions, to be laid on this line, are the differences between the logarithm versed 
sine of 180°, and the logarithm versed sines of the successive arcs. 

<Now the difference between the logarithm versed sines of 180°, -and of any arc 
ftA, is log. ver. sine 180 — 2 log. an. a + l®g- sin. of 30°. 

Or, 10,30103 + 9,6g»97 — twice log. sin. of a. 

Or, 20,00000 — twice logarithm sine of a. 

Or the arithmetical complement of twice logarithm sine of a. That is, the 
difference between the logarithm versed sine of 180°, and the logarithm versed 
sine of any arc, is equal to double the arithmetical complement of the logarithm 
sine of half that arc, rejecting the indices. 

But, as these differences give the divisions to the supplements of the real versed 
sines ; therefore the arithmetical complement of the logarithm sine of any arc 
being doubled, will give the distanoe of the division for the supplement of twice 
that arc on the line of versed sines. 

Thus, for 7Q°, the logarithm sine is 9,97 
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The arithmetical complement is 0,02701 

Its double is 0,05402 


Which is the supplement versed sine of twice 70 degrees. 

Now, as the arithmetical complement of the log. sines of arcs, are the dis- 
tances on the line of sines between 90 °, and the divisions to those arcs ; there- 
fore the distances between 9 0 ° and any arc, being twice repeated, will give the 
-division of the supplemental versed sine to twice the co-sine of that arc. 


XIV. Concerning an Improvement of refracting Telescopes . By Mr. John Dot* 

loruL* Dated Feb . 21, 1753. p. 103. 

It is well known, that the perfection of refracting telescopes is very much 
limited by the aberration of the rays of light from the geometrical focus ; which 

* Mr. John Dollond, r. a. s. was bom 1706, in Spitalfields, London, where his father had settled 
as a siJkweaver, having fled from France on account of the persecutions after the revocation of the 
edict of Nantz. Here our author was bred to his father’s profession, which he continued during a 
.great part of his life. But being of a very studious and philosophical turn of mind, his leisure hours, 
even while a youth, were chiefly employed in mathematical pursuits. And though by the death of 
his father, which happened in the infancy of our author, his education gave way to the necessities of 
the family, yet at the age of 15 he amused himself by constructing sundials, drawing geometrical 
-schemes, and solving problems. Add to this, that an early marriage, and an increasing family, left 
him but little opportunity of pursuing his favourite studies. Yet even under the pressure of a close 
•application to business, for the support of his family, the energy and perseverance of his genius urged 
him, by abridging the hours of rest, to extend his mathematical knowledge, making a considerable 
.proficiency in optics and astronomy, to which he now chiefly devoted his attention ; having in the 
earlier stages of life prepared himself for the higher parts of those branches by a competent knowledge 
•of algebra and geometry. To these he added the study of anatomy, particularly that of the eye , 
stud even made a considerable proficiency in the Latin and Greek languages. 

His eldest son Peter he brought up to the same profession with himself ; and for several years they 
carried on their manufacture together in Spitalfields $ but the employment neither suited the expec- 
tations nor disposition of the son, who having received much information on mathematical and philo- 
sophical subjects from the instructions of his father, and observing the great respect which professional 
men had for his father’s knowledge in optics, he determined to apply that knowledge to the benefit 
of himself and the family j and accordingly, under the directions of his father, he commenced op- 
tician. Success attended these efforts; so that in the year 1752, our author also, embracing the 
opportunity of pursuing a profession congenial with his mind, joined his son, and in consequence of 
his theoretical .knowledge, soon became a proficient in the practical parts of optics. His first attention 
was directed to improve the combination of the eye-glasses of refracting telescopes 5 hence be 
proceeded till he produced telescopes furnished with 5 eye-glasses, which greatly excelled all former 
■ones, and of which he .gave an account to the r. s. in the paper above printed. He soon after made 
a very useful improvement in Savery’s micrometers ; for instead of employing two entire object- 
-glasses, as Savery and. Bouguer had done, he used only one glass cut into 2 equal parts, one of them 
sliding laterally by the other ; by which contrivance Mr. Short was enabled 10 apply it to the reflect- 
ing telescope with rauch*advantage j an account of which was communicated to the r. s. by our au- 
thor, and. printed in the aame 48th vol. of the Phil. Trans, p. 178. Thus Mr . Dollond s celebrity in op- 
tics became universal j and in consequence the friendship and protection of the most eminent men 
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arises From 2 very different causes ; that is, from different -degrees of xefrangi- 
ibility of light, and from the figure of the sphere, which is not of a proper curva- 
ture for collecting the rays in a single point. The object-glass is chiefly affected 
•by the first of these; nor has there been yet any method discovered for rectifying 
that aberration so, as in the least to remove the indistinctness of the image 
arising from it. We are therefore reduced to the necessity of contracting their 
.apertures, which renders it impossible to magnify much, without very long glasses. 

•of science ’encouraged his pursuits. Under such favourable circumstances Mr. D. engaged in the dis- 
cussion of a subject which then interested the public philosophical mind of all Europe. Sir Isaac 
Newton had declared, in his treatise on Optics, p. 1 12, “ That all refracting substances diverged the 
prismatic colours in a constant proportion to their mean refraction and drew this' conclusion, “ that 
refraction could not be produced without colour $” and consequently “ that no improvement could be 
expected in the refracting telescope." No one doubted the accuracy with which Sir Isaac had made the 
experiments $ yet M. Euler and some others were of opinion that his conclusion went too far, and 
they maintained that in very small angles refraction might be obtained without colour. Mr. D. how- 
ever was not of their opinion, but defended Newton’s doctrine with much ingenuity and learning ; as 
appears by the letters that passed between Euler and Dollond on that occasion, and published in this 
same 48th vol. of the Philos. Trans, p. 287 ; where Mr. D. contended that, “ if the result of the 
experiment was as described by Newton, there could not be refraction without colour.” 

Mr. D.’s active and accurate mind however could not rest satisfied barely with an experiment made 
by another, which he could perform himself. Accordingly he began the examination himself in the 
year 1757, which he assiduously prosecuted till June 1758, when he found the result to be very dif- 
ferent from what he expected, and from what Sir Isaac had related. He discovered ft the difference 
in the dispersion of the colours of light , when the mean rays are equally refracted by different mediums.' 9 
The discovery was complete, and he immediately drew from it this practical conclusion, That the 
object-glasses of refracting telescopes were capable of being made without being affected by the dif- 
ferent refrangibility of the rays of light.” His account of the experiments was printed in the Philos. 
Trans, vol. 50, p. 743, and the same year he was presented by the r. s. with the anuual gold medal 
as a reward of his discoveries, though he had not yet become a member of the Society. This disco- 
very however no way affected the points in dispute between Euler and Dollond respecting the doctrine 
advanced by Newton. A new principle was thus discovered, which had no part in the former reason- 
ings, and it was reserved for the accuracy of Mr. D. to have the honour of making a discovery 
which had eluded the observation of the immortal Newton. This new principle being now esta- 
blished, Mr. D. was soon able to construct object-glasses correcting the different refrangibiKty of the 
rays of light, and the name achromatic was given to them by Dr. Bevis, though it seems that M. La- 
lande bad said he conferred ^hat name. Mr. D.’s improvement m refracting telescopes has been of 
great advantage In astronomy, having been applied to fixed instruments $ by which the motions of 
the heavenly bodies are determined to a much greater exactness than by means of the old telescopes* 
Navigation has also been much benefited by applying achromatic telescopes to the Hadley’s sextant. 

In the beginning of the year l7fil Mr. D. was elected f. r. s., and appointed optician to the kiqg. 
But he did not long enjoy these honours : for, on the 30th of November, the same year, a fit of 
apoplexy in a few hours terminated his life, at 55 years of age. Besides Mr. Peter Dollond, above 
mentioned, our author's family, at his death, consisted of 3 daughters, and another son, John, who 
with his elder brother Peter, carried on the optician’s business with the greatest reputation to the time 
of the death of the younger brother John, which happened in the year 1805. And the business is still 
carried on by the elder brother Peter, in conjunction with his nephew Mr. Huggins — Holland. 

A larger account of the Dollonds may be seen in the Philos* Magazine, vol. xriii. p. 4 7, from 
which the above has been abstracted. 
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• But the case is widely different with regard to the eye-glasses ; for though they 
are very much affected by both the aberrations before mentioned, yet by a proper 
combination of several together, their errors may be in a great measure corrected- 
If any one, for instance, would have the visual angle of a telescope to contain 
20 degrees, the extreme pencils of the field must be bent or refracted in an angle- 
of 10 degrees ; which, if it be performed by one eye-glass, will cause an aberra- 
tion from the figure, in proportion to the cube of that angle : but if 2 glasses be 
so proportioned and situated, as that the refraction may be equally divided be- 
tween them, they will' each of them produce a refraction equal to half the re- 
quired' angle; and therefore, the aberration being in proportion to the cube of 
half the angle taken twice over, will be but a 4th part of that which is in pro-; 
portion to the cube of the whole angle; because twice the cube of one is but 
of the. cube of 2 ; so the aberration from the figure, where 2 eye-glasses are; 
rightly proportioned, is but a 4th of what must unavoidably be, where the whole- 
is performed by a single eye-glass. By the same way of reasoning, when the 
refraction is divided among 3 glasses, the aberration will be found to be but the 
grth part of what would be produced from a single glass ; because 3 times the 
cube of one is but one 9 th of the cube of 3. Whence it appears, that by in- 
creasing the number of eye-glasses, the indistinctness, which is observed near- 
the borders of the field of a telescope, may be very much diminished, , though not* 
entirely taken away. 

The method'of correcting the errors arising from the-different refrangibility of 
light, is of a different consideration from the former ; for whereas the errors 
from the figure can only be diminished in a certain proportion to the number of 
glasses, in this they may be entirely corrected, by the addition of only one glass ; 
as we find in the astronomical telescope, that 2 eye-glasses, rightly proportioned,, 
will cause the edges of objects to appear free from colours quite to the borders of 
the field- Also in the day-telescope, where no* more than 2 eye-glasses are ab- 
solutely necessary for erecting the -object, we find, by the addition of a 3d rightly 
situated, that the colours, which would otherwise confuse the image, are en- 
tirely removed ; but this is to be understood with some limitation ; for though - 
the. different colours, which the extreme pencils must necessarily be divided into • 
by the edges of the eye-glasses, may in this manner be brought to the eye in a 
direction parallel to each other, so as, by the humours thereof, to be conveiged. 
to a point in the retina ; yet, if the glasses exceed a certain length, the colours . 
may be spread too wide to be capable of being admitted through the pupil or 
aperture of the eye; which is the reason, that in long telescopes, constructed i 
in the common manner with 3 eye-glasses, the field is always very much con- 
tracted* 
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These considerations first set Mr. D. on contriving, how to enlarge the field 
by increasing the number of eye-glasses, without any hindrance to the distinct- 
ness or brightness of the image : And though others had been about the seme 
work, before, yet observing that the five-glass telescopes, sold in the shops, 
would admit of further improvement, he endeavoured t<5 construct one with the 
same number of glasses in a better manner; which so far answered expectation*, 
as to be allowed by such persons as are the best judges, to be a considerable in)'' 
provement on the former. 

Encouraged by this success, he resolved to try if possible he might gain some 
further enlargement of the field by the addition of another glass : and by placing 
and proportioning the glasses in such a manner, as to correct the aberrations as 
much as possible, without any detriment to the distinctness, he obtained as 
large a field, as is convenient or necessary, and that even in the longest teles- 
copes that can be made. 

These telescopes with 6 glasses having been well received, and some of them 
being gone to foreign parts, it seems a proper time to settle the account of its origin^ 
which is one of the motives, that has induced him to give this short sketch of the 
considerations, that gradually led him to its construction. And as the subject 
has never been fully treated by any author, he intends as soon as may be, to 
draw up a more particular explanation of the aberrations of light by refraction. 

XV. A Comparison of Different Thermometrical Observations in Siberia. By 
Mr. Wm. IVatson, F.R.S. p. 108 . 

According to the thermometrical observations made by Mons. Demidoff, 
at Soliskamsky, on the borders of Siberia, latit. 59, in the year 1751, the 
greatest degree of cold was on Nov. 9, at 7 in the morning, when the thermo- 
meter, according to Fahrenheit’s scale, stood at 84 degrees below 0; which is 
66 under the freezing point. This degree of cold, though much .greater than 
what is ever observed in these parts, is little, when compared with the accounts 
given by Professor Gmelin, in the introduction to the Flora Siberica. This 
gentleman, who was professor of chemistry and natural history at Petersburg, 
was sent with several other learned men, to inquire into the natural history of 
Siberia, and was attended by some students, a painter or two, a miner, and 
other proper attendants. He continued 9 whole years on this expedition, and 
the observations he made, extraordinary as some of them are with regard to 
their truth, are scarcely to be doubted. The mercury in his thermometer, gra- 
duated according to De L’Isle’s scale, often sunk in winter, in very southern 
farts df this- country, as near Selinga, in lat. 48, to near 826, which is equal to 
55\ below 0 in Fahrenheit’s thermometer, and is 67-j- below his freezing point. 
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But the cold is often more intense than this, as appears by the experiments made 
at Kirenginshi, where its sharpness was so great that Professor Gmelin with dif- 
ficulty staid at the door of his house between 3 and 4 minutes. 

Feb. 10 , 1738, at 8 in the morning the mercury stood at 240 degrees in De 
L’Isle; which is 71 below O in Fahrenheit. At the same place in 1736, Dec. 
1 1, At 3 p. m. 254 in De L’Isle, almost 90 below 0 in Fahrenheit, Dec. 20 , at 
4 o’clock., p. m. 263 in De L’Isle = 99 T y<r below O in Fahrenheit. 

Jan. 9 , 1735,' 12 at noon, 275 = 113 

Jan. 6, 6 in the morning, 280= 120 below O in Fahrenheit, and 152 be- 
low his freezing point. 

Such an excess of cold could scarcely have been supposed to exist, had not 
these experiments demonstrated the reality of it ; and Professor Gmelin assures 
us, they were made with all possible exactness, and agree with many others made 
in different parts of Siberia by his direction. 

It was not apprehended that a greater degree of cold existed any where than 
that artificial one produced by Boerhaave, by means of ice and concentrated spirit 
of nitre, which sunk the mercury 40 degrees below O in Fahrenheit’s thermo- 
meter ; and this was supposed to be the point, beyond which no animal could 
bear it : and Gmelin’s account is the more extraordinary, as the French acade- 
micians under the polar circle mention the greatest degree of cold, observed by 
them, to be by Reaumur’s thermometer 37 degrees, which nearly corresponds 
with 70 degrees below the O in Fahrenheit’s. 

XVII. A Catalogue of the Fifty Plants from, Chelsea Garden , presented to the 

Royal Society , by the Company of Apothecaries for the Year 1752, pursuant 

to the Direction of Sir Hans Sloane, Baronet, p. 110. 

(This is the 3 1st presentation of this kind, completing to the number of 1550 
different plants.] 

XVIII. Observations on a Remarkable Coralline .* By Mr. John Ellis, p. 115. 

This coralline he received from Mr. Collinson. It appears, from its size and 
firmness, to belong to a warmer climate than this, and is probably American. 
Some of the same genus, but of a different species, are found in our own coasts; 
but they are smaller, tenderer, and more transparent. There is one particu- 
larly, called by Dr. Dillenius, in the 3d edit, of Ray’s Synopsis, p. 37, N°. 20 , 
tab. 2, fig. 1, corallina pumila erecta ramosior : and in Buddie’s Hortus siccus, 
in the late Sir Hans Sloane’s collection, there is a specimen like it, but not so 

* Cellaria neritina. Ellis. Sert alarm neritina, Linn. 

YOL. X. Y Y 
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fully advanced in its ramifications : this he calls focus minimus hirsutus fibrilfis 
herbaceis similis, from Doody’s Appendix to Ray’s Synopsis, p. 330. 

This curious sea production, which has the appearance of a plant, arises first 
from many small vermicular wrinkled tubes, by which it appears to have -ad- 
hered, like ours, to rocks, shells, focuses, or other submarine substances. 
These tubes, uniting, form a sort of stem which, as they rise, insensibly change 
into rows of cells : these stretch out into many regular dichotomous branches : 
each branch is made up of 2 rows of cells united together, and these cells placed 
in such a manner side by side, that each cell joins 2 others on one side, and the 
bottom of one is inserted in the top of the other. Their openings or faces look 
one way : they are nearly of an egg-shape, a little compressed before : the broad- 
est part is uppermost, and bends a little forward : the top of each is fortified by 2 
angular points or spines. 

By attentively viewing many specimens of this genus of corallines, in the mi-' 
croscope, that was taken out of the sea at different seasons of tlie year, Mr. E. 
observed the progress of nature to be pretty nearly thus : the tobuli, or first be- 
ginning of the corallines in the younger state, are found full of a yellow soft 
substance, which soon decays ; in the more perfect state they are clear and trans- 
parent. The cells, which communicate with these tubes, have in the spring 
black specks in each, which he takes to be the embryo of the future production. 
During this very tender and minute state, the opening of each cell is covered with 
an extremely fine transparent membrane, the use of which no doubt is to cherish 
and protect it. These specks in time swelling into spherical testaceous bodies, as 
they are often found in summer, burst through this membrane, and sit in the 
front of the cell, supported by an umbilical ligament, which is fastened -to the 
bottom of the inside of each cell or matrix, till they come to maturity, which 
seems to be the case in the microscopical drawing, fig. a, pi. 8: where they 
appear to be rows of veiy small sea-snails, or rather testaceous bodies, of the 
shape of a nautilus, ready to drop off, and provide for themselves. In the same 
plate, fig. b, &c. is a microscopical drawing of one of the English corallines of 
the same genus, with the embryo specks in each cell. 

He further adds, that he believes, if the curious, with good microscopes, at 
the sea-side, and at different seasons of the year, would strictly examine many of 
these beautiful sea productions, hitherto claimed by the botanists, they would 
find that several of the testaceous tribe proceed from same kinds of the larger 
corals, as well as that many owe their origin to the smaller corallines ; and we 
are the more encouraged to try, since we observe that various shapes and stages 
of the same animal are no new thing in the laws of nature. 
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XIX. Of some Uncommon Fossil Bodies. By Mr. Henry Baker, F. R.S. p. 117- 

The fossil bodies which Mr. B. Sent to the r.s. with this paper, were such as 
be had never before met with, nor remembered any description of. He received 
them from W. Frankcombe, a young gentleman residing at Oxford, who was. 
very diligent in searching after curiosities of this nature. He found them him- 
self, but could not get them out of the bed they lay in without breaking them in 
many pieces; though he has glued those pieces so well together, that one may. 
judge of them nearly as well as if they had not been broken. 

Mr. B. caused drawings of them to be made, for the satisfaction of those who 
might never have an opportunity of seeing them ; to which drawings he refers in 
bis description of them. 

PI. 8, figs. 3, 4, 3, 6 , show these curious fossil bodies at more than a 4th 
their real size. They are only 3 in number, though there are 4 figures, one of 
them being drawn in 2 positions. They are evidently of a bony substance, made 
black, most likely, and rendered brittle, by some mineral steams or juices, 
though not corroded by them. Two of these bodies (fig. 3, 4) have the greatest 
part of their outer surface studded, as it were, with pretty regular rows of tu- 
bercles, about the size of the heads of small nails, rising to a blunt roundish 
point, nearly of an inch above the surface they issue from. Many of them 
appear radiated very prettily from the base to the apex ; and perhaps they , have all, 
been so, though in some the lines are not now seen, and may have been obli- 
terated by time. These tubercles are of a fine shining glossy black colour, and 
of a much closer and harder substance than the bone from which they rise. 

Fig. 3 represents one of these fossil bodies, whose length from end to end is 
inches ; on the sides from a to b its breadth is 2 inches. The width of that 
part where the teeth are placed at c about -J- of an inch ; but it gradually de- 
creases, as does also the breadth of the sides, towards the smaller end, which 
was probably about an inch longer than it now appears, and terminated in a 
point. The tubercles are largest in the broadest part, and the farther they are 
from the teeth, near which they are small and flat ; they likewise lessen towards 
the smaller end, which is rigid for about an inch, and without any tubercles. 

The under part of this body is placed uppermost, for the sake of showing its 
teeth to the best advantage. There are 2 rows, running longitudinally, on a 
little rising in the middle, with no great regularity, and ending in one row of 
very small ones. The largest are about 4- of an inch in length, hooked, of a 
shining black colour, having still the natural polish, and being extremely sharp 
and perfect. The sides of this fossil have swelled out, and been naturally more 
rounded than they are at present : for they plainly appear to have been crushed 
and compressed together by some foreign force. . 

vrl 
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Fig. 4 is a fossil body, 10 inches in length, one part of which is rounded,, and 
the opposite part hollowed : this figure shows the hollow part, which from a to b 
is more than one inch and half over ; the channel runs its whole length, and - 
where deepest is 1-;- inch over, but it gradually becomes shallower and narrower 
towards the smaller end. The sides are f of an inch in thickness. 

Fig. 5 shows the same fossil body with the rounded part upwards. Its sides- 
from a to b are 2 inches. Great numbers of black shining tubercles, of die kind 
described fig. 3, but in general larger, and with less variation in their size as to 
one another, are disposed in rows, pretty regularly in the manner shown in the- 
picture. Many of them appear starry or radiated with several fine lines from the . 
base to the apex, which lines rise a little, and in some positions to the light 
appear of a whitish colour. Two separate figures of these tubercles are given 
(p, q) to make this account the better understood. One is a side and the other 
a front view. They are shown magnified about 8 times. 

Fig. 6 is a fossil body, much more solid and weighty than the former two. Its 
length is 10 inches. It is rounded on the upper part, where the sides in the 
broadest place are If inch: the under part has a hollow or channel If inch in 
depth, 7f inch long, If inch over, its bottom rounded. From a 3 inches and a 
half tob is quite solid, and at a in width If inch, whence it goes tapering 'to b, 
where it is broken off so blunt, as to show that it must probably have extended 4 
or 5 inches farther. In this solid part c stand many small teeth in rows, but not 
quite regular ; some rows having but 2, some 3, and others 4. They begin an 
inch distant from the channel, and went probably to the extremity that is broken 
off. They are black and shining like those in fig 8, but the points somewhat 
broken ; though when whole they must have been less hooked, and much smaller 
than those. The rounded part of this fossil body has no tubercles like the other 
two, though it is plainly a species of the same kind with them, but is pretty 
strongly furrowed, and the ridges have the same black glossy polish as their 
tubercles. 

Mr. Francombe writes, “ that he met with these 2 bodies, fig. 1,2, in a pit, 
on the right hand side of the road, as you ascend Shotover-hill from Oxford. 
The uppermost stratum in this pit consists of a yellow sandy earth ; the next a 
brownish clay ; then a regular stratum of large stony nodules, about 1 2 inches 
thick ; then a dark blue day, of about 10 feet; and immediately under, a rock 
of free-stone. About 2 feet above the free-stone were four\d the fossils, fig. i , 

2. The first was found at twice ; the second in searching to complete the first, 
and both of them in many small pieces, as is evident from the bodies themselves, 
which he carefully joined with some thick gum-water. That the first is of its- 
proper shape and figure plainly appears from the regularity of its tubercles ; and 1 
the second is as he saw it himself in the stratum. In. this clay are found bones 
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of several kinds, oyster-shells, ammonitae, crustaceous shells, selenitap, and be- 
lemnitae. 

“ The cliffs on the right hand side of Pyrton-passage over the Severn, Glouces- 
tershire, afforded the body, fig. 6. This, says he, which was likewise found in 
a stratum of blue clay, not unlike that at Shotover, and also in several pieces, 
appeared different from the others in nothing, but in the want of tubercles, and 
I flatter myself will serve. to throw no small light on the subject. His being not 
quite so conversant with these cliffs as with the pit at Shotover, prevents his 
speaking of them so particularly as he could wish.” 

The general appearance of these fossil bodies gives reason to conjecture, that 
they are bones belongingto the head or snout of some animal of the fish-kind, 
or perhaps of some sort of lizard, alligator, or crocodile. 

The piece, fig. 3, whose sides are a little crushed, was found in Oxfordshire, 
with the piece fig. 4 and 5, and may probably have been part of the same head : 
and if so, it should seem from the 2 rows of teeth along its middle to have been 
the upper part of the head or snout : for some kinds of fishes have teeth in the 
palate or upper part of the mouth, but we know of none that have teeth along 
the middle of the lower part : there a tongue most commonly is placed, and the 
piece, fig. 4, has a hollow or channel well adapted to contain a tongue. The 
teeth in the palate of the lupus piscis, and likewise of some other fishes, are fre- 
quently found fossil, of various sizes and shapes, being what are called (very im- 
properly) bufonitae. When the 2 pieces 3, 4, are brought together, their size, 
figure, and appearance, greatly strengthen the above conjecture : and it is worthy 
observing, that the teeth are hooked inward, to prevent the prey when taken 
from escaping. 

The piece, fig. 6, found in Gloucestershire, serves likewise to confirm the 
same opinion : for the toothing in . the middle almost proves that part to have 
been the palate of some animal; an animal of the same genus too with fig. 3 and 
4 ; though its having no tubercles, and being more solid, show it to have been 
of some different species. 

. Mr. B. remembered not any fossil bodies like these, mentioned by authors, 
nor could he point out any animal to which they might with certainty be im- 
puted. Animal substances, before unknown, are met with frequently in the 
bowels of the earth ; for the inhabitants of seas and rivers have been hitherto sa 
imperfectly described, that we know but little of their internal structure; and 
many sorts we have never seen or heard of. 

JLX. An Abstract of a Discourse entitled , The History of the Emperor Tetricus % 

explained and illustrated by Medals ; written in French by Mr. Claude Gros die 
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■Boze, keeper of the medals in the French King's Cabinet , &c. By John tVard, 

LL. £>., V. P. R. S. p. 124. 

As the emperor Tetricus governed some years in Gaul, his reign makes part of 
'the history of that country. But the accounts given of him by ancient writers 
being very confused and imperfect, this learned antiquary has attempted to clear 
them up from medals. And as fo those of Tetricus himself, the gold ones, as 
he observes, are in general exceedingly scarce ; and no medallion of this emperor 
in any metal was known, till very lately, when he procured one in gold, for the 
French king’s cabinet, which is represented, fig. 2, pi. 8. But though M. de 
Boze professes only to give the history of the Emperor Tetricus ; yet such was 
the unsettled state of the Roman affairs at that time, he thought it necessary 
for him to introduce it, by reciting a variety of incidents relating to other per- 
sons, which prepared the way for his advancement to that dignity. It would be 
unprofitable however to reprint here details of ancient writers. Suffice it there- 
fore to observe, that after relating the historical events preceding tl>e elevation 
of Tetricus, it is shown that lie was a governor of Gaul as a Roman province, 
and that on occasion of the death of Marius, the emperor of the western part of 
the Roman empire, he was elected his successor, according to M. de Boze, about 
the beginning of the year 268 of Christ. 

The JEdui, who applied to Claudius for his assistance, opposed at that time 
the government of Tetricus ; whose medals give us a more noble idea of him, 
from the use he made of his victories. For in some of these he is represented 
not as a warrior, but in a state of peace and plenty, with the legend Salv6 Au- 
ovstorvm, intimating that moderation in success is the true grandeur and safety 
of princes. And in others are seen the figures of several temples erected by him, 
some of them in a circular form like the Pantheon, with the legend Paci. 
And to these happy times Mr. de Boze refers the curious gold medallion men- 
tioned above, which represents Tetricus as crowned with laurel, and dressed in 
the toga palmata, or consular robe, which was also worn in triumphs. In hi» 
•right hand he holds an olive branch, and a scepter, with the Roman eagle on the 
top, in his left, and round his image is thi6 inscription, Imperator Tetricvs 
Avgvstvs. But the reverse, if it has one, must remain unknown ; 6inee the 
medal is so fixed in the gold box, which contains it, that they cannot be sepa- 
rated without endangering both. .And the radiated circle of gold, with which it 
is enoompassed, is designed only to adom and enlarge it. 

After some notice of the struggles of the contending parties in the Roman 
empire, M. de Boze adds, that in the mean while Tetricus, who remained un- 
molested, was constantly employed in studying the welfare and prosperity of the 
Gauls. And as both the situation, and natural fertility, of the country are very 
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well suited to promote commerce ; those advantages were greatly improved by 
him, as well by repairing the roads as making new ones, the care of which 
works was committed to his son; some proofs of which yet appear from inscrip- 
tions on the milliary pillars, erected to mark out the distance of the ways. Tt]£ 
legends also on some of their coins, struck in honor of Tetricus, plainly express 
the happiness which the Gauls enjoyed under his auspicious government; such as 
Vbertas, Ljetitia, Felicitas pvblica, and the like. 

However, the arts of intriguing and caballing, which had been carried to the 
greatest height in Gaul by Victorina, gave Tetricus a continual uneasiness, either 
to detect or suppress them. And therefore on the return of Aurelian from the 
conquest of Zenobia, whom with her two sons he sent to Home in great pomp;, 
when Tetricus could no longer bear with the insolence of his own soldiers, he 
wrote a letter to him, in which he used this expression: Eripe me his, invicte, 
malis. And afterwards on the arrival of Aurelian near Chalons in Campania,, 
drawing out his forces, as if he designed an engagement, he surrendered to him 
both himself and his whole army. By this means Aurelian being then, as the 
historian expresses it, prmceps totius orbis, celebrated a most splendid triumph 
at Rome; in which not only Zenobia with her two sons, but likewise Tetricus 
and his son, were exposed to public view among the other captives, to denote the 
subjection both of the eastern and western empire. 

But Trebellius Pollio informs us, that he afterwards treated Tetricus with the. 
highest honour, often calling him colleague, sometimes fellow soldier, and at other 
times giving him the title of emperor. His estate also was restored to him, and) 
his house, which had been demolished, was rebuilt on mount Ccelius, changed 
into a palace, and dedicated with solemnities like a temple. Aurelian. was him- 
self invited to this ceremony, and having entered the grand hall, was surprised 
to see himself represented there, as delivering to Tetricus and his son the sena- 
tor’s robe with other marks of dignity, and receiving from them a civic crown 
and scepter. And afterwards, Aurelian thinking himself in a condition to avenge 
the outrages committed by the Persians under Sapor, cm the Roman, empire, he 
entered on that expedition ; leaving the government of the greatest part of Italy 
to the care of Tetricusi, with this complaisant expression; Subhmius habendum 
regere aliqaam Italise partem, quam tram Alpes regnare. 

No historian has settled the time when Tetricus died. Bat M. de Boze, 
after relating several circumstances in favour of his opinion, places it about the 
end of the year 275 of the present era. 

X-XL An Account of a Treatise intitled , Flora Sibirica , sive Historia Plan- 

tarum Siberia, tomus secundus. Extracted and Translated from the Latin of 

Professor Gmelin, by W. Watson , F. R- S. p. 141. 

This 2d voL of the Flora Sibirica,: contains 240 pages 4to, exclusive of the 
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preface, and 98 copper plates, very curiously engraved^ It was printed at Peters- 
burg in the year 1 7^9- 

An aocount of the first volume of this valuable work was communicated to the 
{Loyal Society, by Dr. John Fothergill,* and has been published in their Trans- 
actions. From its title, we were only promised an account of the plants of Si- 
beria, but Dr. John George Gmelin, its author, at that time professor of che- 
mistry and natural history at Petersburg, and now at Tubingen, has gone much 
further, and has given us a great number of new and useful observations con- 
cerning the natural history of that vast region. The abundance of matter, and 
the limits of an extract, obliged Dr. Fothergill to confine himself, principally 
to the geographical and meteorological part of the work; but as the contents of 
this 2d vol. are chiefly botanical, Mr. W. takes a review of the 1st vol. to intro- 
duce with propriety an account of the contents of the 2d. 

The Flora Sibirica contains the plants, growing spontaneously in a region of 
vast extent, bounded by the Uralensian mountains on the west, the ocean of 
Kamtschatka on the east, the Mare Glaciale on the north, the countries of Kal- 
mucks and Mongales, and the confines of China, on the south. Our author 
has, among the productions of these countries, interspersed a few plants, col- 
lected by the botanist Gerber, near the rivers Don and Wolga, and in the Uk- 
raine ; partly because many of the same kind grow in Siberia, and partly from a 
desire that these curious plants should no longer be concealed from the public. 
He has given no plant a place which he himself has not examined, at least in a 
dried state, and of which he was not satisfied respecting its generical character. 

The plants of Kamtschatka were collected by two of their company, detached 
for that purpose, who sent to our author from time to time large collections and 
descriptions of such natural bodies as occurred to them. In digesting the plants 
into classes, the author has followed the method of Van Royen of Leyden, who 
considers, that all plants may be ranged into 20 classes; and in consequence of 
this system, he has given 5 classes in his 1st vol. viz. those which Van Royen 
intitles, palmae, lilia, gramma, amentaceae, and umbelliferae; and 3 classes in 
the 2d vol. viz. composite, aggregate, and tricoccae; the remaining 12 classes 
therefore are probably to be published hereafter. The author has generally 
adopted the genera of Linnaeus j some indeed he has taken from Haller; but 
wherever he thought it expedient to differ from these great men, he gives his 
reason; and when he finds a plant, which cannot properly be ranged under any 
genus already established, he forms a new one; in the explanation of which, 
after the manner of Linnaeus, he omits nothing essential to it. 

To the different species, discovered in this expedition, P. Gmelin has affixed 
names, after the manner of Linnaeus, Haller, Van Royen, and the more modem 

* See Phil. Tran*, vol. xhr, *p. 248, vol. ix, p. 491, of thete Abridgment*. 
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botanists, which are such, as that from the name of the species the plant may 
be known. But in what relates to the plants before discovered, he adopts the 
names given them by the botanists just now mentioned, and scarcely ever forms 
a new one; as he thinks a name already received, though but an indifferent one, 
should be retained in preference perhaps to a better; lest the number of syno- 
nyms, already too great, should be augmented. To these he usually adds the 
synonyms of the Bauhins and Toumefort; and sometimes, for the sake of their 
figures, those of Morrison, Dodonaeus, Plukenet, and Loeselius; and also those 
of the Russian botanists, Messerschmid, Bauxbaum, and Amman. He has also 
throughout the work carefully separated the varieties of plants from their genuine 
species, and has laid down the places of their growth, the names given them by 
the inhabitants;, and their application of them to the various purposes of life. 
The figures of the plants were taken from the life, and are, as far as possible, 
represented in their natural proportion; but from these must be excepted those 
of Gerber, collected near the Don and the Wolga, and some others collected by 
Dr. Lerche, physician to the Russian embassy in Persia, near Astracan, and even 
in Persia; these were delineated from dried specimens: and wherever the figure 
does not, to our author’s satisfaction, represent the plant intended, by the neg- 
lect of the painter or engraver, he apprises you of it, and endeavours to remedy 
this defect in his descriptions. 

The venereal disease has made no inconsiderable progress among barbarous, as 
well as among the more polite and civilized nations; and our author has given 
two methods of treating that distemper among the inhabitants of Siberia; from 
which, in some degree, an idea may be formed of the state of medicine in those 
parts of the world. One method is, a decoction of a species of cirsium,* which 
grows in those parts, and is first described by the author; in this decoction, 
when the pains are violent, they add some leaves of a species of chamaerhodo- 
dendron, which produces effects similar to opium, by relieving the pain, and 
sometimes bringing on a delirium. If they are not cured by this decoction, 
which often happens in an aggravated state of the disease, they then boil a small 
quantity of sublimate of mercury, with some fat, in a spoon over a candle, mix 
it with the beforementioned decoction, and let the patient swallow it. It is no 
wonder that this rude method-should destroy the patient, and put an end to his 
life by severe torture, which frequently happens. The other method of cure is 
a more reasonable one, and is effected by administering a cup full or two of the 
decoction of a species of iris-f- eveiy morning, detaining the patient in bed. Of 

* " Cirsium inerroe foliia scabris, lanceohrtis, inferioribus ex sinuate dentatis, squamis superioribus 
calicum subrotnndis, membranactis.” Flor. Sibir. tom. ii. p. 72. — Orig. 

+ Iris foliis linearibus, corollis iiuberbibus, fructu trigono, caule tereti. Lin. Hort. Cliflfort, p. ] !>. 
Flor, Sibir. tom. i. p. 27. Iris pratensis angustifolia, non ftctids, altior. C. B. P. p. S'J.— Orig. 
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this they give a greater or less dose in proportion to its operation* winch is both 
by vomit and stool. After having taken it a week, it ceases to Have the effect of 
evacuating; nevertheless they continue it another week; during whieh time the 
patient is laid on a heap of fresh burdock leaves, and his body is also ecwered 
with the same, which must be renewed every day. This method is said to cure 
the disease radically. 

Russians, Tartars, and other nations in these ports, eat as food, either fe*l*d 
in milk, or roasted in the embers, various species of the roots of lilies. The 
Tartars collect and dry the roots of the dens canis* of the botaaasts, and bail 
them either with milk or broth, and consider theta as very nutritious food. 
This root certainly is in every respect nearly related to wlep. 

The Siberian hunters, who kill various animals for their for, are obliged to go 
in search of them into the most desert parts of the country, and remain there 
during their dreadful winters. It often happens that from the intenseness of the 
cold, the leaven, which ferments their bread, is spoiled, and ceases to be of use. 
In. this, case they collect the inner bark of the larch tree, which is vety juicy god 
sweet, and cut it into small pieces, and digest it over the lire i » warm water. 
They then add to it some rye Hour, bury the whole in the snow, and let it m. 
main there hours; in which time the fermentation begins, and the feces, 
which fall to the bottom, make excellent leaven. 

Both the Russians and the people of Kamtschatka made great use of the 
qpbpndylijufn*t* vulgare bjj sutum of Caspar Bauhin and) Toumefoct; or, what we 
usually call cow-paranep. According to Ganelin, the pUaub in qne&tooa differ# 
from that species frequently met with in the pastures of Germany and England, 
mdy in its being much larger. This difference of size the Russian, kind con- 
stantly preserves, when planted in the botanic garden. What we generally meet 
with here in England seldom grows higher than 3 feet, whereas the Siberian 
plant is double that size. Our author has given, us a very exact description of 
it. This plant, which has never yet been applied to any useful purpose in then- 
parts of the world, is of very, great importance to the Russians and people of 
Kamtschatka, They indeedapply it to very different uses; the former distil their 
brandy ^ from it; the latter dry it to eat in. winter. 

Dodpnaeus^ relates, that the inhabitants of Poland and Lithuania, make s 
kind of liquor, which the poor people use as beer, from the fermented leaves 
and seeds of the sphondylium. 

• Erylhronium. Linnaei Hort. Cliff, p. lip. Flor. Sibiric. tom. i. p. 39--“ *Orig. 

i Heracleuiu foliolU pinnati&dia. Lia. Hort, Cliff, p. LQ3* Flor. Sibir. tom. i. p. 213* Sphon~- 
dylium. Rivin. tab. iv. — Orig. 

X Spifitum ardentem. — Orig. 

^ Dodoo. Stirp. Hiator. p* 30<h— Oog* 
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When SteHer, whom Gmelin always mentions with esteem, was at Tobdski in 
the year 1788, he was informed, that 2 years before they were afflicted there with 
pestilential carbuncles, which were so contagious as to seize those who approached 
the person affected. The disease first began in horses and oxen, and afterwards 
seized the human species. A red spot first was perceptible under the armpits, 
or in the thigh, attended with great itching; and in a few hours grew to a very 
large tumour, joined with a burning heat of the part affected; these symptoms 
were attended with a very acute fever, entire loss of strength, violent pains in 
the head, and redness of the eyes. An old country practitioner, famous in these 
parts for his judgment, cured persons labouring under this severe disease in a 
abort time. He used first to the carbuncle the powder of an herb,* of which 
is given a complete history and figure in this work, made into a thin poultice 
with dregs -f- of beer; this poultice, gently warmed, was applied to the part af- 
fected, and the patient confined to his bed, who was at liberty to take whatever 
nourishment he liked, except milk, brandy, or the flesh of pikes. During this 
time the patient drank plentifully of a decoction of this herb, collected during 
the time of its flowering; though the powder, applied as above, was prepared 
from the leaves, before the flower-stalk was produced. The carbuncle, from this 
treatment, generally broke in 24 hours, and the symptoms greatly abated. The 
mound was sprinkled with sal ammoniac; and healed in a short time. This 
disease affected the cattle in different manners; some suddenly set a running with 
all their swiftness possible, and continued to do so till they dropped down dead; in 
others, carbuncles arose, which were dressed by the practitioner before-mentioned 
with the poultice above-described, mixing a large quantity of the herb with their 
food: and by this method great numbers were cured. A plant so well recom- 
mended, and which will grow in our own country, deserves to be better known 
to us. 

Throughout the whole work the author has shown a complete knowledge of. 
the botanic science, among the first professors of which he is deservedly placed. 

JCXIL On a Mistake of Professor Gmelin , concerning the Sphondylium Vulgare 

. Hirsutum of Caspar Bauhin. By Mr. Philip Miller, F. R. 8. p. i 53. 

Mr. Miller here remarks that in the abstract of the Flora Sibirica, which Mr. 
"Watson laid before the Royal Society, it was mentioned, that the' inhabitants of 

• Ceuta urea squamis ovatis, fbliis plnnatis, foKolis decurrentibus, linearibqs, serratis et integris. 
Bor. 8tbhv tom. ii. p. 89, tab. 41. 

Cyamu Aorkfas odomtts Turcicua, sea orieflteMi major, Jfore late*. Hart. Lugd. Bat. p. 211.— 
Orig. 

t Faece cerevisiae; though I am inclined to think yeast is intended, which Is usually written Baa 
cerevisise, or fermgntum cerevishe.— Orig. 

zz2 
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Siberia ate the stalks of the sphondylium hirsutum C. B. P. But Mr. Miller 
had great reason to believe that Gmelin mistook the species^ for he describes 
that plant as growing upwards of 6 feet high ; whereas the common sort seldom 
rises much above half that height. Therefore probably the plant mentioned by 
Gmelin was that species, which Breyu mentions in his 2d Prodromus, under the 
title of sphondylium maximum Transilvauicum Ricini folio, the seeds of which 
Mr. Miller brought from Dr. Boerhaave’s garden in the year 1727, where it was 
growing near the common sort of Caspar Bauhin, and in the same soil and situa- 
tion was more than twice the height; and the same difference has continued in 
the growth of both these plants since, in the Chelsea garden; where the large 
sort constantly rises to a stem, at least a month sooner, in the spring than the 
common sort, and the leaves are much larger, less divided, and not so hairy; so 
that there can be no doubt of their being distinct species. 

The seeds of that species of Breyn Mr. M. had received from Siberia, by the 
title of sphondylium vulgare, and Dr. Boerhaave told him, he had received the 
seeds from Austria, Hungary, and Petersburg, by the same name ; so that it 
is certainly the common sort in those countries. And it is very usual to find 
many mistakes in the writers on botany; which has happened from their suppos- 
ing that the plants, which have been mentioned as common in one country, were 
the same with those of the country where they inhabited. An instance of this 
was the parietaria minor ocymi folio. C. B. which is the only species found wild 
in England; and so was by all the English botanists taken for the parietaria offi- 
cinarum et Dioscoridis C. B. which are distinct species. And many other in- 
stances might be mentioned. 

XXIII. Of an Eclipse mentioned by Zenophon. By the Rev. G. Costard, p. 155. 

The doctrine of eclipses is of great use in history and chronology. The ear- 
liest account of any in the Greek history is that said to have been foretold by 
Thales to the Ionians, which Mr. C. has already treated of. The next, gene- 
rally taken notice of by writers, is that in the first year of the Peloponnesian 
war mentioned by Thucydides. But there is another before, which Mr. C. 
thinks equally remarkable, deserving some further consideration. 

It is well known, that Herodotus and other writers make Cyrus to have de- 
posed Astyages. On the contrary, Zenophon says, that Astyages was succeeded 
by his son Cyaxares, who left the kingdom to Cyrus by will. The truth, Mr. 
C. thinks, is, that Cyrus did not depose Astyages, and therefore so far Zenophon 
is right; but deposed Cyaxares, in which he was designedly wrong. That he 
knew the Persians forced the empire from the Medes, appears from some no 
very obscure hints even in the Cyropaedia itself. After some critical remarks on 
the situation of certain places mentioned by ancient geographers, and astrono- 
mical calculations of eclipses adapted to them, Mr. C. finds that the centre of 
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the shadow passed over Kerkisia, not improbably, the Carchemishof the prophet 
Jeremiah, and a little to the north of Bagdad. It is not improbable therefore 
that it crossed the Tigris not far from the place where, it seems by Xenophon’s 
account, Larissa was situated, and where consequently it would cause such a 
darkness as might well be attended with the effects he mentions. 

This eclipse is, Mr. C. thinks, no inconsiderable acquisition to history and 
chronology, and is at the same time a confirmation of the suspicion, that in 
these very ancient ones, there is some allowance or other to be made for the in- 
fluence of some cause,, whatever it may be, hitherto not fully determined. This 
must be left for future observations. In the mean time however it may be of 
service to the science of astronomy to examine all the past eclipses that can be 
come at, and compare them with circumstances in the best manner we are able. 

XXIV. A new Method of opening the Cornea , in order to Extract the Crystalline 

Humour. By Mr. Samuel Sharp,* F. R. S. Surgeon to Guy's Hospital, p. lfil. 

The operation of discharging the crystalline humour from the eye, for the 
cure of that species of blindness called a cataract, was a few years since invented 
by Mom. Daviel, who performed it on many patients with remarkable success. 
Supposing it therefore admitted, that the extraction of the crystalline humour 
has been found by experience to be. a useful method of cure, Mr. S. here sub- 
mits to the Society a new manner of making the incision of the cornea, by which 
Mons. Daviel’s operation may be very much shortened, the patient would suffer 
less pain, and every skilful operator be equal to the undertaking. 

Place the patient in the same situation as for couching, either opening the 
eyelids with your fore finger and thumb, or letting an assistant raise the upper 
eyelid, while you yourself keep down the under eyelid. Then, with a small 
knife, holding its edge downwards, make a puncture through the cornea near its 
circumference, into the anterior chamber of the eye, in such a direction, as to 
carry it horizontally, and opposite to the transverse diameter of the pupil ; after 
which you are to pass it towards the nose, through the cornea from within out- 
wards, as near to its circumference as in the first puncture. When you have 
made the second puncture, push the extremity of the blade one-seventh of an 
inch beyond the surface of the cornea, and immediately cut the cornea down- 
' wards, drawing the knife towards you as you make the incision. After this, you 
press gently with your thumb, against the inferior part of the globe of the eye, 
in order to expel the cataract, and the operation finishes, according to the dif- 
ferent circumstances, as in the manner proposed by Mons. Daviel. 

One extraordinary benefit seems to arise from the use of this single instrument,. 

* Author of 2 publications much esteemed, viz. one On the Operations of Surgery 1743 , and 
another entitled Critical Inquiry into the present State of Surgery, 1750. 


Digitized by t^sOOQ Le 



358 


PHILOSOPHICAL TBAffSACTfOHS. 


[anno 1753. 

and perhaps from the shape of its blade, which increases in breadth all the way 
towards the handle ; for, by this means, the punctures are so exactly filled up by 
the blade, that very little of the aqueous humour is discharged before you begin 
to make the incision, and consequently during this time, the cornea preserves its 
convexity; whereas by using one instrument to puncture, and others to dilate, 
the cornea immediately becomes flaccid on the issue of the aqueous humour, 
and renders the operation tedious and embarrassing, as he himself had found by 
experience in one patient, on whom he had performed the incision of the cornea 
with a pair of scissars, as recommended by Mons. Daviel. 

XXF. Experiments on Fish and Flesh preserved in Lime-water. By Francis 

Hume, M. 1). p. 163 . 

With a design to find out how long he could keep fish and flesh fit to eat in 
lime-water, Dr. H. put two haddocks, and a pound of beef, in different pots 
full of lime-water, and corked them well, setting them in a cellar 18 days. He 
then took out one of the fish; it was sweet, sound, and firm. He boiled one 
part of it, and he broiled the other; it eat well, and had not the least taste of 
lime-water; but was not quite so firm as a fresh fish. But when he opened the 
beef-pot, to his great surprise, it stunk abominably. He poured the lime-water 
from both pots, and put in fresh lime-water. This stood 4 weeks longer; the 
remaining fish was quite fresh, and a little swelled, but when boiled, it dissolved 
to a jelly. The flesh was very putrid. 

Thus lime-water appears to preserve fish, but not flesh. 

Dr. Alstons experiment was made with fish, and Dr. Pringle’s with flesh; 
which made the former say, that lime-water withstood corruption strongly; and 
that the latter did it but weakly, if at all. 

Dr. H. afterwards repeated the experiment more fully, and with the same suc- 
cess. On the 26 th of March, he put a haddock into a pot of common water. 
He did tlie same to a piece of beef: the water was changed every day. At the 
same time he put a haddock into a pot of lime-water, and did the same with a 
piece of beef; at the same time he hung a fish and a bit of flesh in the air. On 
the 2 d of April the fish and flesh in the air were a little corrupted and dried; 
the flesh and fish in common water smelt strong; the fish in the lime-water was 
sweet, and the lime-water good, and are so at present, April 0 ; but the flesh 
smelt rather worse than that in common water changed every day, and the cor- 
ruption had quite overpowered the smell of the lime-water. 

XX F I. A Letter from Mr. James Short, F. R. S. to the Earl of Macclesfield, 
P. R. S. concerning a Paper of the late Servinglon Savery, Esq. relating to 
his Invention of a New Micrometer. Dated May 10, 1753. p. 105. 

It is now above a year, Mr. Short says, since he received a letter from 
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the Rev. F. Pezenas, professor of hydrography to the French king at Marseilles, 
in which he informed him, that M. Bouguer had read, before the Royal Aca- 
demy of Sciences at Paris, in the year 1 74ft, a memoir, in which he describes 
an heliometer; which is an instrument consisting of % objective glasses, for 
measuring the diameters of the planets. He said also, that this memoir was ac- 
tually in the hands of Mi de Fouchy, perpetual secretary of the Academy, or at 
the Royal Printing-house; and that it was registered in the minutes of the Aca- 
demy for the year 1748 . 

Immediately after reading this letter, Mr. S. recollected to have heard a paper 
on the same subject, from the late Servington Savery, of Exeter, Esq. read be- 
fore the Royal Society, about the year 1743. He therefore bad recourse to the 
minute book of the Society for that year, where he found tire fdkrwihg minute, 
which he copied in the presence of Lord Cliaries Cavendish, then viee-presidenti 
« A paper communicated from Mr. Savery at Exon, containing a new method 
for measuring the difference between the apogeal and perigeal diameters of the 
sun was shown; and thanks being ordered, Dr. Bradley was desired to oblige the 
Society with am aoconnt of its contents. — Oct. Y]<, 1743 .” 

On appicatiam to Dr. Bradley, he sent the original paper to Mr. Short; on 
the back of which was a memorandum im the hand-writing of the late president, , 
Martin Folkea, Esq. as a farther proof of it* authenticity, which runs in these 
words, 

** Delivered to me by Mr. Graham, sealed up by the author; and then broke 
•pen in his presence $ 26 th Oct. 1743. M. Foikes.” 

Mr. Savory’s original paper was as. follows: 

AL new Wag of Measuring the Difference between, the Apparent Diameter of the 
Sun at the Times qf the Earth's Perihelion, and Aphelion , or when the Sun is 
nearer to or farther from, the Earth,, with a Micrometer placed in a Telescope, 
invented for that Purpose; though the Charge or Magnifying Power of the 
Telescope is so great , that the whole Suns Diameter does not appear in it at 
one View* By Servington Satwry, of Exeter , Efq* Read Oct* 27 , 1743. 
p* 1,67. 

Though this: may appear impossible, yet Mr- S. ha* contrived some dioptric 
telescopes and a reflecting one; either of which, by representing the object 
double, will, if well made, answer the design. 

Fig* 1 , pb IO,. represents the whole body of the sun, as it appears double, 
and magnified in the telescope. Let an be the diameter of the one, and rx of 
the other image of the sun in perigaea; so shall nr be the distance between the* 
two. images at that tune;, which measured with the micrometer is equal to, sup- 
pM«j, M seconds, Let hm be. the diameter of the one solas images and. aw of 
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the other, when in apogaeo; so shall ms be' the then distance of the solar images, 
measuring with the micrometer, suppose, l' 10 v . The difference of these two 
observations, 1 minute, is the apparent diminution of the sun’s diameter. 

The little circle, whose diameter is dt, is the whole area visible at once in the 
telescope, which is not a 3d part of the magnified diameter of the sun; but 
since both nr at one time, and ms at another time, are visible within the teles- 
cope’s area, if good instruments are procured, Mr. S. sees no difficulty in per- 
forming what he has proposed above, more accurately than it has ever yet been 
done, except this one (which some time since Mr. Graham mentioned in a letter 
to him) viz. that of defining the sun’s disk truly; and Mr. S. thinks, to do that 
to good perfection, is beyoud human art. A telescope for this use may be made 
to magnify the sun’s diameter to any degree whatever, not exceeding such degree 
as will make any part of the line ms fall without the area of the telescope: and 
he thinks it will be very difficult to make one with a charge so great, as not to 
have more than a geometrical minute of the sun’s apparent diameter visible 
at once. 

Since the sun is an object so very remote, the pencil of rays flowing from the 
centre of its disk, and incident all over an object-lens, though it should be a 
foot broad, would not differ sensibly from a perfect cylinder within the distance 
of above 100 miles from its basis at the lens; though in reality the whole pencd 
is an acute cone, whose angle at the vertex is almost evanescent. -Hence it fol-' 
lows, that if the two poles of two equal object-glasses are placed at the distance, 
suppose, of a foot from each other, the two centres c, v, of the two solar images 
must, as to sense, remain always at that very same distance, viz. 1 foot from 
each other, though the sun should be placed 10 times as far off as it now is; 
but sinoe the sun’s greater distance would diminish the diameters of both of the 
solar images; mn, added to rs, must be the true difference of the apparent dia- 
meters of the images, and also of the sun, at different times. 

According to Mr. Azout, Harris’s Lexic. Techn. vol. i, see sun, the apparent 
diameter of the sun never exceeds 32' 45"; hence its radius never exceeds 16* 
22 " 30'"; the tangent of which is about 476 328, to the radius 100,000,000. 
Then, as the said tangent : to the said radius :: so half an inch : to 104. 96 inches, 
and decimal parts. According to this, if the focal length of a lens be 104.96 
inches and parts, it cannot collect the sun’s rays to a less focus at the time of 
his perigee, than 1 inch in diameter, or half an inch radius. 

In fig. 2, the whole circle represents a well centred object-lens, whose focal 
length is, as above calculated, 104.96 inches and parts, or rather a little less* 
that the two images may be sure not to touch each other. Let the two dia- 
meters dm, qf; divide it into 4 quadrants, but the diameter qf must he occult, or' 
delible. Let cw be half an inch, and cv equal to it. Through v, and also/ 
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through w, let a chord line be drawn parallel to the diameter dm, viz. bg, hp. 
Through the said chord lines bg and hp, and also through the diameter dm, 
divide the lens into 4 parts. 

Fig. 3, Let the straight-edge of the frustum bvgq, in the preceding figure, be 
cemented fast to that of the similar frustum hwpf of the same lens, as they ap- 
pear in this fig. 3. Having then with barm fastened a white paper all over both 
sides of the lens, he made for trial (which he did, not only to secure the ce- 
mented joint frorp breaking, but to prevent the injury which the polish might 
receive in cutting and grinding the edges) he described a circle qmnf on the 
centre c, fit for the tube he had to put in it; and having made it round, and 
washed it clean, after 'the edges were ground true, that nothing sandy might 
hurt the polish, he soaked it in clean water, till he could easily take off the 
paper. This model, made of a spectacle glass about 12 or 13 inches focus, gave 
him encouragement to try the following one, which he thought better. 

Fig. 4, Mr. S. made his second model of the 2 middle frustums mcdhwp, 
mcdbvg, of the lens in fig. 2, by cementing their edges, hwp, bvg, together, as 
they are placed in the present fig. 4, so the pole c of each part must consequently 
be half an inch, supposing its focal length is about 104 inches, from the middle 
where c stood in fig. 2, viz. the pole of one frustum where v, and of the other 
where w now stands. He left open at each pole a semicircular aperture rwq, svt, 
about of an inch diameter, and covered all the rest of the circle axlkzo, to 
which he had cut it fit for the tube. The focus of the lens he made it of, was 
about 3 feet. 

Note, The rays of red light in the two solar images will be next to each other 
in both these models, which, he thinks, will render the sun’s disk more easy to 
be observed than the violet ones. This he mentions, because the glasses in these 
two sorts are somewhat prismatical, but mostly those of the first model, which 
could therefore bear no great charge. Also the frustum on the right hand of the 
first model renders the solar image at the focus on the left, and that on the left 
hand renders it on the right; but it, is not so with the second model, or with the 
next contrivance, which is the best, if well made. 

Fig. 5, In this, the greatest difficulty consists in getting two well-centred ob- 
ject-glasses, whose focal lengths are equal; for it is necessary they should be so, 
because they are to be combined with the same convex eye- lens, common to 
them, at the same distance, ab is the diameter of a plain brass plate, which 
may be 2-4- inches broad, or somewhat less; two short equal cylindric brass tubes 
inn, rs, must be fastened on it, with their centre pc, equidistant from the centre 
1 of the plate, and distant 1 inch from each other in the diameter ab, as the 
figure shows. In the tubes must be put two equal object-glasses of the focal 
length of J 04-^5- inches, or rather somewhat less, as aforesaid. Through the 
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plate there fnast be made, in the middle of each tube, a round aperture, vie. 
hg, wx, whose diameters must be proportioned to tiie focal length of the eye-lens, 
and not exceed the third part of it, lest the object appear ooniused. 

And since it is scarcely possible to centre an object-lens to very good perfec- 
tion, those in the two cylinders, may happen to render the two solar images at 
too great a distance from, or too near to each other. But this fault, if not too 
great, may be remedied, by turning one or both of the lenses a little way round;, 
and theh their eccentric poles will by that means be brought nearer to, or farther 
from each other; and when they are once well placed, there should be a mark 
made in each lehs, and its cylinder; that if it is taken out to be wiped, it may 
be put in again the same Way. There should also be a different mark in one of 
the glasses, that each may know its own cylinder. They must both of them be 
very dose all found to their respective cylinders; otherwise one lens may slide 
nearer to of farther from the other; which if it should in the least degree, be- 
tween the first and second observation, all the labour would be lost. Either of 
these three parts of double lenses may be combined with a convex eye-lens as 
usual, find hare a micrometer placed at the common focus. 

Such a double lens, of either sort, may be proved whether it is wefl composed 1 
Or not, without the trouble of combining it with its eye lens, by holding it in 
the sun’s fays, as one would a burning glass, and applying a piece of white paper 
at its focus, where, he apprehends, the two solar images will appear as distinct 
as when ah eye-lens is applied, though not so large; and each of them 1 inch 
broad, if the focal length be as above, i. e. almost 104-^- inches. After the 
same manner may the double object-minor of a reflecting telescope for this use 
be proved. 

In fig. 6, the circle bdhpmg is the circumference of a concave mirror made of 
black glass: it must be very thick, that it may not spring or bend with any thing 
that presses on it to keep it fast, for that may injure its concavity. The circle 
within it, on the same centre c, shows that its concavity must not be continued 
quite home to the very edge of the mirror, but the little space between the two 
circles must be ground very true on % plain. The pricked lines must not be 
drawn; they are only to indicate where the poles vw of the two frustums must 
be brought, after the mirror is diametrically bisected. Let the conoove side be 
defended, by pasting a paper all over it, and then let it be divided with a saw in 
the diameter dem ; taking care that the said diameter be in the middle of the 
kerf, which may be as broad as the space between the lines ao, eq. Let the 
asperities of the edges of both frustums be ground offj that they may be very 
Straight after being sawed. 

Fig. 7, represents a thick round plate of brass, very plain, and equally thick 
eH over, having lines drawn on it, as on fig. 2, also one line on each side of the 
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diameter dm, equidistant from, and parallel to it. The distance of these two 
lines ao, eq, from each other equal to the kerf of the saw, which divided the 
mirror. The diameter of this plate must be equal to that of the mirror before 
it was divided. 

On the under side of the plate must be two pins fastened t, t, their diameters 
equal to the kerf of the saw, that they may keep the two frustums of the mirror 
at the same distance from each other that they were before their division ; so 
shall their circular edges be extended as far as the circumference of the plate, 
and their straight edges touch the said pins in the lines .ao, eq. 

'The end of the tube must be turned on the inside exactly to fit the plate and 
mirror, that they may not slide any way, for that would spoil the observations. 

In the diameter of the plate rs, on the points v, w, distant half an inch from 
c, the centre of the plate, and a whole inch from each other, let a circle, for 
the aperture of -each frustum, of a proper size, according to the intended charge 
of the telescope, -be described, and out out. Also in the said diameter, equidis- 
tant from the centre c, viz. at x and z, let these .be a screw for each frustum, 
to elevate it a little from the plate, as shall be needful. Let there be a spring 
contrived to press on the hack of the one frustum ora, against the point v, being 
the middle between the <edge«o, and the screw x, to keep the frustum close to 
*the plate at the points a, o, and also close to the screw x, when it is screwed in. 
let the like be also done on the ha ok of the .other frustum esq. 

Then, 1, before the two screws are put in atx, z, the t.wo frustums of the 
mirror will lie plain on the plate of brass, and (have one ; pole at c common to 
them, and consequently will -collect all -rays which, during their incidence, are 
parallel to the axis of the tube, to one common focus in the said axis of the tube, 
just as they would have done ‘before the mirror was divided. %• But when ttye 
two screws xz are put in their places, and screwed a little way .through jthe brass 
plate, they will lift the two frustums free from the plate at their circular edges, 
viz. at r and s. While their -straight edges ao,/eq, are /kept to touch the plate 
with both their ends (not in.the middle, fry .reason of itbe mirror’s concavity) by 
'the pressure df 'the -springs, -as -mentioned above. /By /this attains the poje c pf 
the frustum ora, will be -removed fram e towards ir, awtd likewise the pole.c qf 
the other frustum esq be removed from «c itawardss, imore .or jess jac^qrdirig to 
the quantity. of .the elevation of each frustum, by the screw that raises it; so 
that now there will appear at the focus two solar images; whereas there -was .but 
one, before the screws were put in. 

"By moving the screws, the^two solar -imagesmnpyibe brought rtoiflny distance 
ifrooneaeh other ; fruticare .must ;he .taken . npt-tp.saise.pne fcustuip more than 
‘the -other, and-theitwosdbr * images inMMtfalmglt ■ IftHSh (he time 

of. the perigee; otherwise it must be better adjusted. 
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This telescope may be finished with a small elliptical specillum of black glass, 
ground plain on its reflecting surface, and a convex eye-lens, like that described 
, by J. Hadley, Esq. p. n. s. in Phil. Trans. N° 376. A micrometer may be con- 
trived for it at the common focus, near the eye-lens. 

Such a double-object speculum -would be capable of a vast improvement, by 
combining it with a concave specillum, which would reflect the images through a 
hole in the centre c of the said speculum to fall on a convex eye-lens, after the 
manner of our new sort of reflecting telescopes, were it not for the difficulty of 
adapting such a micrometer to it as would exactly measure minutes and seconds ; 
for the eye-glasses of such having usually a pretty large focal length, would bear 
much larger divisions on a micrometer, than Mr. Hadley’s with a small eye- 
glass can do, though their charges should be equal, or that of the former did 
exceed. 

Finding that large object-glasses for telescopes are not commonly well cen- 
tered, with their poles in the very middle of them, gives the following a rule for 
centering optic-glasses ; which may be very ready for a glass-grinder’s use, and 
soon try whether a convex lens is well centered. 

Fig. 8, represents a round plate of brass, conveniently thick, and well har- 
dened by hammering, having many notches round it, one a little wider than 
that which is next to it, and numbered 1 , 2, 3, &c. in their proper order, each 
of them wider at the bottom than at the entrance. He fitted such a notch to 
the thickest side of one of the glasses he had received from London, so as the 
edge entered it but a little way, not half its depth ; but, on trying the opposite 
side, it went in, the whole depth, and would have gone deeper, if the notch 
had been so cut : he then ground the lens narrower on that side which was 
thinnest, till he found it was at that place as thick as where he first tried it in 
the notch. After this manner he reduced the glass to an equal thickness on its 
A quarters, and then ground off from other places what was needful to bring it 
circular. He also took care, when he tried it in the notch, that the lens should 
. not be warmer on the one side than on the other by grinding, but stopped till it 
was thoroughly cold ; and was also careful not to thrust it in harder on the one 
side than on the opposite side ; for he could plainly observe a difference after- 
ward, if he neglected to mind both these circumstances, or indeed either of them.* 

XXVII. Of a Contrivance for Measuring Small Angles. By Mr. John DoU 

lond. p. 178. 

Let an object-glass, of any convenient focal length (being truly ground and 

* Dr. Smith, in his Complete System of Optics, published in 1738, has described a very accurate 
' and ready method of centering object-glasses, which was always used by the late Mr. George Graham, 
from whom the Doctor had it.— Orig. 
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well centered) be divided into 2 equal parts or segments, by cutting it straight 
through the centre ; and let a piece of machinery be so contrived, as to hold 
these two segments in the same position to each other, as they stood in before 
they were cut asunder ; and to be capable at the same time of drawing them to 
different distances from that position, in the manner as represented in fig. 
7, ph S- . ; . 

Each of those segments will form a distinct image of any object, to which 
. they are directed ; differing in nothing from that which might tyave been made 
by the whole glass before it was cut, except in brightness. And while these 
segments are held in their original position, the images will coincide, and be- 
come one single image as at first ; but in proportion as they are drawn off from 
that situation, the images will separate more or less, according to the distance 
they are drawn to. By this means the images of two different objects, or of 
different parts of the same object, not very far from each other, may be brought 
to a contact or coincidence at the focus : and this coincidence may be viewed to a 
very great nicety with a proper eye-glass. 

The measure of the angle subtended by the two objects, whose images are 
thus brought to a coincidence, depends on 3 things: 1st, a careful observation 
of the coincidence of the images : 2dly, an exact measure of the distance, which 
the glasses are drawn out to, from that situation which makes the image single : 
and lastly, a true knowledge of the focal distance of the glass. How the angle is 
to be found from these measures, and how it may likewise be come at, by view- 
ing two land-objects at a convenient distance, will be shown hereafter in the ex- 
planation of the figure. It is easy to understand, in the mean time, that the 
angle will be measured with more accuracy, in proportion to the length of the 
glass which is used for that purpose ; but the difficulty of managing long teles- 
copes is no less apparent. Therefore the most practicable method of using this 
micrometer to advantage, is to apply the divided object-glass to the object-end of 
a reflecting telescope : for, as the apertures of this sort of telescopes are large 
in proportion to their lengths, they will admit of very long glasses ; nor will the 
measures be any way affected by the metals or glasses, which the reflector is 
composed of : and the angles will be found in the same manner, as though the 
images were viewed w r ith a single eye-glass, in the manner of a common re- 
fracting astronomical telescope ; but with this advantage, that as the images will 
be exhibited larger and distincter by the reflecting telescope ; and as every part 
of it will be much more manageable than a long refracting telescope ; so the 
contact or coincidence of the images will be more accurately observed. 

Explanation of the Figure. 

The two semicircles represent the two segments of the object-glass, whose 
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centres c and d ate drawn off to the distance c d, and the points a and b are two 
objects, or different parts of the same object ; therefore the lines a c g and bog 
represent two rays that pass through the centres or poles of the segments, and 
ate therefore not at all refracted, but go straight through to g, where they in- 
tersect ; and g being the respective focus to the distance of the objects from the 
glass, the two images will coincide at that point. It appears from the figure, 
that a B : c d : : g h : g e ; and from a common proportion in optics, g h : g e : : 

- H E : e p. Therefore ab: cd:: he: ep; p being the focus of parallel rays ; 
and consequently the angles A e b and cpd are equal. That is, the angle sub- 
tended by the distance of the centres of the segments from the distance of the 
focus of parallel rays, is equal to the angle subtended by the distance between 
the objects a rind b from the end of the telescope. 


XXVill. On the Copper Springs in IFtcklow in Ireland. By John Bond, 

M. D. p. 181. 

A spring of water flows from a rich copper -mine, and is of a .Sharp acid taste, 
tfrid light-blue colour. It is received and collected in .pits, where iron bars are- 
placed, WhicJh, after lying fo the water about 3 months, are entirely ennwim H, 
■and at the bottom of the pits, a quantity of copper, greater than that of the iron 
: ife found, in the form Of coarse sand. This fact is confirmed by profitable expe- 
’rimerits, Often repeated since the discovery, the honour of whioh is due to Mr. 
Matthew Johnston, -a worthy old ‘gentleman, .and one of the proprietors >of the 
mine. Who first proposed this method of collecting the copper. 

Experiment 1 . Itlto some of this water, taken out of the stream above the 
pits where the iron bars are placed, he poured a eolation of an alkaline salt, 
■which raised a strong effervescence, and precipitated a large quantity' of a dark- 
brOWh substance. ' Which showed that the water contained a strong acid, with a 
Solution of the substance precipitated. 

Exp. '2. . Me put some aqua-fortis, or spirit of nitre, into water taken out of 
the ‘same place ; and observed, that the strong acid immediately destroyed the 
blue Colour. Whence-he concluded that the substance, which was precipitated 
by the alkali in the first experiment, ’was so perfectly dissolved by the acid spirit 
in the -2d, as to transmit all the rays of light. 

Edp.Q. -Some small iron nails put into this water, were in *4 mmutosao 
'closdy ebvfcred With some substance of -a -copper colour, tthat, with a magnifier 
J <>f 4. InehffOClls, *he could not discern the iron 'through it. In that time the mails 
gained 4 gfcs. The wdter -had the ’same effect <on silver .and >tin, but mot -on 
gold. The colour and increase of weight were owing to the adhesion of the 
particles of the matter dissolved in the water by an acid, that could not pene- 
" trite gold. 
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Exp. 4. In order to determine the quantity and quality of the matter jn the 
water, he put 2 drs. of small iron nails into 3 oz. of it, and let them stand 24 
hours ; then examined, and found the surface of the water covered with a thick 
scum, like that of a chalybeate spa. It lost the blue colour, and sharp vi- 
triolic taste. It was quite transparent, and at the bottom there was a quantity 
of a brown ponderous powder, which, when dried, weighed 14 grs. This pow- 
der melted without any flux, produced 12 grs. of pure copper. The nails lost 
8 grs. in the water, and were, in several places, covered with a solid lamina of 
pure copper. The water, in which the nails lay, after being filtrated and evapo- 
rated, afforded a green vitriol, which in every respect resembled sal martis, and 
produced the same effects, when dissolved, and mixed with any astringent 
tincture. 

Exp. 5. From the spring water treated in the same manner, he obtained a 
blue vitriol, the baas of which is copper. 

From all these experiments he infers, that a mineral acid is the active quality 
in this water ; which being diffused through the copper ore, unites itself with 
-that metal, and forms a vitriol, which is dissolved by the water, and remain? 
suspended in it, till k meets with iron in the pits, by which this acid is marc 
strongly attracted than by the copper, therefore it quits the copper, corrode? 
the iron, and changes it into a vitriol, which i? again dissolved, and carried off 
in the stream continually flowing from the pit? ; while the copper, deserted by 
the acid, falls, by its specific gravity, to the bottom of the pits. 

By this account it is evident, that this admirable process is a simple precipi- 
tation of the copper, by means of the iron* Hence it has been improperly 
called a transmutation of iron into copper. But, lest any difficulty should stilf 
remain, concerning the consumption of the large quantities of iron put into the 
pits, he adds the following observations, to show that it is dissolved and carried 
off in the water. 

Observation 1. The water in the pits are covered with a thick scum, occa- 
sioned by the air bubbles constantly rising, and bursting on the surface ; which 
is an evident sign of the solution of the irpn.-r-! Qbs. 2. The iron is gradually 
consumed in the pits, and abounds with irregular depressions, like old iron : a 
strong symptom of its being corroded by an acid.-*- Obs. 3. The chapijel of the 
stream running from the pits is form! with red ochre, which, after being roasted 
in a strong fire, was attracted by the magnet. As this ochre is only found in 
the stream below the pits, it appears to be part of (he iron dissolved in the 
water. — Obs. 4 . The quantity of copper found in the pits, .after the iron dk r 
appears, isgenerally greater than that of the iron when first put in : for the 
proprietors assured him, that sometimes a ton of iron will produce, or rather 
precipitate, a ton and half «f oopper. This Act alone would he sufficient to 
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prove, that the iron is not converted into copper ; since, according to Sir Isaac 
Newton’s table, the specific gravity of Copper is to that of iron as QOOO to 

7645. 

When he was at this spring in August last, it ran at the rate of 12 oz. every 
second ; and by putting iron into the water of the stream running from the pits, 
he found, that every ounce contained 3 grs. of copper. Hence by calculation it 
appears, that 129600 grains of copper are carried off every minute, and conse- 
quently 1241001b. Troy weight in a year; supposing the quantity and quality 
of the water to continue the same. Hence we may easily account for the death 
of the fish, and other phenomena in the river, which receives this vitriolic 
stream. 

Ip a hot sunnyday, when the water is exhaled, the heapsof mould, raised out of the 
ore-pits, are covered with a vitriolic efflorescence : hence, in rainy weather, the 
water appears like a strong solution of verdigrise. Whoever is desirous to imitate 
the process carried on in these pits, may readily gratify his curiosity, by putting 
pieces of iron into strong solution of vitriol. It is a common . experiment, to 
tinge polished iron by rubbing it with Roman vitriol ; which depends on the 
cause before-mentioned ; viz. the acid in the vitriol penetrates the iron, and 
leaves the copper on the surface. This experiment is also taken notice of by 
that excellent chemist, and celebrated philosopher, Mr. Boyle, who calls it a 
sympathetic precipitation, in his Essay on specific Medicines. 

As soon as the attraction between the copper and the acid ceases, the mutual 
attraction between the minute particles of the metal prevails, so as to form large 
solid masses at the bottom of the pits, -i-§ of which are pure copper. These so- 
lid masses are partly occasioned by the pressure of the incumbent heap of granu- 
lated copper, constantly increasing. Hence we see, that the art of essaying, or 
separating metals from their ores, chiefly consists in evaporating an acid, which 
prevents the mutual attraction of the metallic particles : for when the acid is 
driven off by the violence of fire, the particles fall into their proper sphere of 
attraction, and assume a solid form. From what has been offered on the theory 
of this admirable process, several practical hints may be taken to render such 
springs more profitable ; and perhaps an easier method may be discovered of se- 
parating copper from its ore, by precipitation, than by calcination. 

Thi6 spring perhaps is as remarkable for its medicinal as its metallic qualities. 
Though physicians generally reckon copper, taken internally, poisonous, yet the 
miners and other people drink this water frequently, without any ill conse- 
quences. It purges and vomits severely, and is become their specific in several 
diseases, particularly in cutaneous eruptions, arising either from an alkaline 
acrimony in the blood, which stimulates the sensible extremities of the cuta- 
neous arteries, and occasions a pustule, or from the irritation of insects lodged 
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in the skin ; both which causes may be removed by the strong acid in this water. 
It is an excellent detergent for scorbutic ulcers, as Hoffman justly observes. It 
has already performed several remarkable cures of this kind. Dr. B. had often 
recommended it in such cases with success, joined with proper internal medi- 
cines. How far the success of practice in the miners, who drink it frequently, 
might be depended on, longer experience must determine. Certainly, a great 
allowance must be made for the strength of their constitutions, and the insensi- 
bility of their nerves, constantly exposed to the noxious steams of damp pits. 

' He never ventured to .prescribe, it internally : and as the materia medica affords 
vomits and purges of a more innocent kind,, he thought it in that respect unne- 
cessary. He had reason to. imagine, from the effects which this water had on 
some earth-worms, that it was a very powerful anthelminthic, if cautiously 
given. 

Some, fresh filings of iron, put in this water,, soon precipitated all the copper, 
and made it a’strong and agreeable chalybeate. . Hence it might be used as a sub- 
stitute for spa-water, .the virtue of which depends on the iron. Some prepared 
filings of iron remained 8 days in this water ; without producing the least alter- 
ation. Hence it appeared, that this medicine could have but a weak effect, if 
any at all, in absorbing acids in the first passages. . . 

' . . > * - - 

XX IX. On Mr. Gascoigne's Invention of the Micrometer. By Doctor 

Bevis, p. 190. 

Though Mr. Townley, in his paper printed in the Philos. Trans. N° 25, p. 
457, has sufficiently made it appear that the invention of the micrometer was 
Mn Gascoigne’s, and that he applied it to measuring small angles in the heavens, 
and for settling the moon’s parallax, long before Messieurs Auzout and Picard 
thought of any such matters ; yet are the French astronomers apt to ascribe it to 
their countrymen, without so much as once mentioning the name of Mr. Gas- 
coigne. No sooner had the late Dr. Derham restored the application of teles- 
copic sights to quadrants to its true author Mr. Gascoigne, than M. de la Hire, 
who never made the doctor any reply on that head, took occasion, in the me* 
moirs of the Royal Academy of Sciences for 17 17» to ascribe this contrivance of 
the micrometer to M. Auzout, in conjunction with M. Picard; alleging, for 
proof, an extract of a letter, dated Dec. 28, 1666, from M. Auzout to M. Ol- 
denburg, and printed in the Phil. Trans. N° 21. Several others have since co* 
pied M. de la Hire’s assertion, and last of all, M. Bouguer, in the memoirs of 
the Royal Academy of Sciences for 1748, lately published, where he describes 
an instrument which he calls a heliometer ; the contrivance of which seems in 
every respect the same as that sent about 10 years ago to the Royal Society, by 
Servington Savery, Esq. 
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I have now, says Dr. B. before me the copy of a letter of Mr. Gascoigne to 
Mr. Oughtred, which I made myself from the original, written in 1640-1 ; 
which original was in the possession of the late William Jones, Esq. r. a. s. and 
is now in the library of the Earl of Macclesfield. It oonsists of several sheets of 
paper, all about his invention for measuring small angles to seconds ; where he 
not only gives the geometrical and optical principles of his contrivance, and the 
construction of the instrument, but also a series of observations actually taken 


with it ; some of which I shall transcribe. 

J()40, Aug. 5. Jupiter’s diameter.... O' 51* 

Mars’s. O 38 

Dec. 24. Mars’s O 25 

Venus’s O 25 

1040, Aug. 25. Moon’s semidiam h. 8 p. m. . 15 17 

Sept. 19 15 II 

Oct. 9 h. 8 p. m. . 16 36 

10 1 6 36 

27 h. 7 p. m. . 15 38 

2Q 15 41 

30. .. 15 43 

31 15 49 


These may suffice to prove that Mr. Gascoigne’s micrometer was not a thing 
merely in embryo, but brought to a good degree of perfection above 40 years 
before that of the French gentlemen was ever so much as mentioned. 

XXX. Observations of the Transit of Mercury over the Sun, May 6, 1753. 

By Mr. John Short, F. R. S. p. 192. 

The instrument prepared for these observations was a reflecting telescope, of 
2 feet focal length, of the Gregorian form, magnifying about 65 times, and so 
constructed in its machinery as to move in a plane parallel to the horizon, and 
also to move in a plane parallel to the equator. This telescope had 2 eye-pieces, 
each a combination of 2 glasses, viz. one eye-piece for the horizontal motion, 
with wires at right angles to each other, the wires being between the gleams, 
and one of the wires placed parallel to the horizon, and consequently die other 
was vertical ; the other eye-piece was also a combination of 2 glasses, and adapted 
to a micrometer, the glasses being placed between the wires of the micrometer, 
and the eye of the observer, and was to be used when the telescope moved in a 
plane parallel to the equator. 

Mr. Short’s house in Surry-street, being so situated as not to see the stun at 
rising, the Rev. Dr. Birch, was pleased to allow the use of the leads on his 
house in Norfolk-street, from whence we should be enabled to see the sun soon 
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after be rose. The doctor's lefcds were chosen, as being not far from Mr. Short’s 
clock> which was easily within call, in order to compare a second-watch with 
the clock, at every observation. 

About half an hour after 4 in the morning of the 6th of May, Dr. Bevis and 
Mr. Short, went to Dr. Birch’s house, where a series of observations was taken 
with the above reflecting telescope moving parallel to the horizon, and the eye- 
piece with the wires at right angles ; Dr. Bevis observing, and Mr. Short writ- 
ing down the tunes. These were observations of the passage of the limbs of the 
■son and mercury, by the vertical and horizontal wires of the telescope. 

About half an hour after 6, Dr. Bevis and Mr. Short went to Mr. Short’s 
hoUse, the sun then shining into his windows, in order to be near the clock, 
where observations were made in the same manner as before, Dr. Bevis observing, 
and Mr. Short writing down the times. 

The telescope, which hitherto had moved parallel to the horizon, was now 
altered, to move parallel to the equator, and the eye-piece with the micrometer 
was applied, about half an hour after ^ o’clock, Mr. Short observing, and Dr. . 
Bevis writing down the times of observation. 

Mr. Short observed the last internal contact of mercury with the sun, with a 
4-foot focal length reflector, magnifying about 135 times, at 10 11 5' 7* by the 
clock, uncertain to 2 or 3*; and the total egress at 10* 1 7' 42' by the clock.} 
uncertain to 5 or 6', the air then undulating through thin clouds. 

Dr. Bevis observed the last internal contact with a 2-foot focal length re- 
flector, magnifying about 65 times, at I0 b 5', and the total egress at 10 11 7' 38', 
by the dock. 

Mr. Sisson, at Beaufort- Buildings in the Strand, observed the total egress ait 
lO* 1 7' 43', by Mr. Short’s clock, through a 5-foot refracting telescope. 

• Mr. Bird, at his house in York-buildings, observed the last internal contact 
at ip* 1 4' 57'; and the total egress at lO 1 * 7' 43', by Mr. Short’s clock, through 
a. 9-inch focal length reflector. 

Mr. Smeatoo in FurnivalVInn-Court, Holbom, observed the total egress at 
lO* 8' 30', by Mr. Short’s clock, through a 6-foot refracting tdeacbpe. ^ — Ha 
suspects his time some seconds too late, a doud having just passed off the sun,- 
when he perceived Mercury was gone. 

Mr. Canton, in Spitak-square, observed the total egress at IQ* 8' 12', mean 
time, through a reflecting telescope, 3-foot focal length. 

M. Short’s house in Surry street, is 26 s of time weat of the Boytd Observatory 
at Greenwich. 

N. B. Mr. Short’s dock, by which these observations were made, was found 
to he? 28* dower than inean time. 

- •• • a a.2. 


Digitized by ^mOoq Le 



37 2 PHILOSOPHICAL TRANSACTIONS. [ANNO 1751, 

May 7, Son’s preceding limb passed the meridian at ,. . . . 1 1 1 ? 54f 38' 

Subsequent limb passed the meridian 11 56 51-f 

May 8, Sun’s preceding limb passed the meridian at 11 54 34-J- 

Subsequent limb passed the meridian at ........ 1 1 56 47 {■ 


and this clock, by repeated observations,' was not found to have varied above I* 
since the 22d of February last to the day of observation. 

In the observatory of the Earl of Macclesfield, at Shirbum Castle in Oxford-, 
shire, the total egress was observed at 10 h 8' 11', apparent time. Latitude of 
Shirbum Castle is 51° 39' 25', and its longitude is 4 m O 5 of time, west of Green* 
wich observatory. 

XXXII. Account of a Treatise , inlitled, “ Letters concerning Electricity ; in 
which the latest Discoveries on this Subject , and the Consequences which may 
be deduced from them , are examined ; by the Abbe Nolle!, Mem. of the Royal 
Acad, of Sciences of Paris, F. R. S. &c." Extracted and Translated from 
the French, by Mr. William Watson, F. R. S. p. 201. 

This treatise is the production of a great master on the subject of electricity t 
he has already published two volumes expressly on it, besides several memoirs 
among the works of the Royal Acad, of Sciences at Paris, as well as several 
valuable papers to the n. s. ’ . ' 

The discoveries made in the summer .of die year 1752 will make it memo* 
table in the history of electricity. These have opened a new field to philoso- 
phers, and have given them room to hope, that what they have learned before in 
their museums, they may apply, with more propriety than they hitherto could 
have done, in illustrating the nature and effects of thunder •, a phenomenon 
hitherto almost inaccessible to their inquiries. . 

These considerations have induced our author to examine with care, what may 
truly be concluded from the experiments proposed by Mr. Franklin of Philadel- 
phia, and since carried into execution in France, and elsewhere, in regard to the-, 
electricity of the clouds during a storm ; by weighing every circumstance, and 
comparing the magnitude of the effects, with the more than apparent ins officii 
ency of the means, which have been employed to produce them. He thinks, he 
sees clearly, that considering the electrization of pointed bodies as a proof of 
lessening the matter of thunder, is abusing a real discovery to flatter ourselyes 
with a vain hope ; and it is chiefly to dissipate this error, if it yet subsists, that 
determined our author to print, in the work before us, some reflexions, which 
he had made at first only for himself, and a few persons, to whom, he was de- 
sirous of communicating his opinion. 

Mr. Franklin’s treatise on electricity contains many very curious experiments ; 
but the deductions from them being different from those which the Abb£ Nollet 
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has given on the same subjects, it might be imagined, if he were silent, on this 
' head, that he had given up his former opinions. This has been one motive for 
the present publication, which the author is desirous should be considered, less 
as a criticism on Mr. Franklin’s doctrine, than as a defence of his own. 

In some parts of these letters, the author mentions an electricity, which is very 
often, and perhaps always, in our atmosphere, when there is no appearance of 
thunder. He speaks of this, as if he only suspected it, and in a manner as if it 
wanted confirmation. He was then unacquainted with some decisive experiments 
made on this subject by le Monnier,* at St. Germain-en-laye, and which have 
been just published. He now considers, as a thing certain, that electricity is a 
very common meteor, which may manifest itself, when the weather is most se- 
rene ; and that thunder is, strictly speaking, only one of its modifications, which 
renders it more sensible to us. 

The Abbd Nollet’s treatise contains 9 letters; 6 of which are addressed to Mr. 
Franklin, one to Mad"*' Ardinghelli, who, when only l6 years old, translated 
Dr. Hales’s treatise of Haemastatics into Italian, and added to it some very inge- 
nious remarks ; one to Mr. Jallabert of Geneva, and one to Mr. Boze of Wit- 
temberg : to these are added some experiments in electricity, made in support 
of opinions, laid down in this work, in the presence of Messrs Bouguer, de 
Montigny, de Courtivron, d’Alembert, and le Roi, who were appointed by the 
Royal Academy of Sciences for that purpose. 

In the first letter the author gives his correspondent Mad*. Ardinghelli an 
account of the discoveries in electricity in the year 1752 ; among which he takes 
particular- notice of the experiment made on May 10, at Marly-la-viUe, in con- 
sequence of Mr. Franklin’s hypothesis ; when pointed non-electrics, supported 
by electrics per se, gave manifest signs of electricity during a thunder storm. 
Thi 3 experiment, in the letters to Mr. Collinson, Mr. Franklin had proposed, 
but, as far as may be judged, had not then carried into execution. The expe- 
riment of Marly-la-ville was soon after verified by le Monnier at St. Germain- 
en-laye, who found further, first, that the like effects were produced, whether 
the iron rods were pointed, or not ; and that it was indifferent, whether their 
position was horizontal or not. Secondly, that thunder electrized not only iron, 
but also wood, living bodies, and other electrizable substances. Thirdly, that 
it was not absolutely necessary to place these bodies at the tops of buildings ; 
but that it was sufficient for them to be placed about 4 feet from the ground in 
an open situation, and at some distance from large buildings. - Fourthly, 
that bodies electrized in this manner, produced the like phenomena with those 
electrized by glass after the usual manner. It was afterwards discovered, that 

* In a memoir read to the Royal Academy of Sciences at Paris, Nov. 15, 1752; — Orig, 
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elect rizabfe bodies, thus disposed in open air, were sometimes electrized under, 
thick clouds, but without thunder, lightning, or even without rain or hail. . 

Tire Abbd Nollet recommends, that these experiments should be made with 
circumspection, as he has been informed by letters from Florence and Bologna, 
that those who have made them there, have had their curiosity more than satis- 
fied by the violent shocks, which they have sustained, in drawing off the sparka 
from an iron bar electrized by thunder. One of these in particular says, that 
once, as he was endeavouring to fasten a small chain, with a copper ball at one 
of its extremities, to a great chain, which communicated with the bar at the 
top of the building, in order to draw off the electrical sparks by means of the 
oscillations of this ball, there came a flash of lightning, which he did not see, 
but which affected the chain with a noise like wild-fire. At that instant, the 
electricity communicated itself to the chain of the copper-ball, and gave the ob- 
server so violent a commotion, that the ball fell out of his hands, and he was 
struck backwards 4 or 5 paces. He never had been so much shocked by the 
Leyden experiment. 

From the experiment at Marly-la-ville, and those which have been made since, 
have been drawn 2 consequences : one, that the matter of thunder, and that of 
electricity, are one and the same : the other, that by the means of pointed iron 
rods, one might, without its doing any harm, draw off all the fulminating matter 
from a stormy cloud. But our author has shown, that pointed bodies are not 
absolutely necessary ; and is desirous we should not too hastily believe^ that 
mischiefs arising from thunder may be averted by the apparatus proposed. He 
thinks the means vastly too small for the magnitude of the cause. This first 
letter to Mr. Franklin is an introduction to the 5 subsequent ones. 

The 2d letter treats of the nature of the electric matter. In this its analogy 
with fire is considered'and proved ; and the author takes notice that Mr. Franklin, 
he imagines, who has certainly made some important discoveries in the pro- 
perties of electricity, cannot but be dissatisfied with the editors of his work, for 
publishing, “ that he exhibited to our consideration an invisible subtil matter, 
disseminated throughout all nature, See. which had hitherto escaped our obser- 
vations.” The latter part of which assertion is not strictly true ; an the consi- 
dering the matter of fire, and that of electricity, to be one and the same, is * 
fundamental principle of what both the Abbe Nollet and Mr. W. formerly pub- 
lished an this subject. 

The 3d letter to Mr. Franklin contains several proofs, that gkas is not im- 
permeable to the electric matter. Some of which experiments an this subject 
Mr. W. heretofore kid before the b. s. and they are in hit opinion 
conclusive. 

Thu 4th letter to Mr. Franklin relates to several phenomena of the Leyden 
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experiment. In this letter it is examined, whether the effects of this experiment 
proceed from the glass phial, or from the non-electrics contained in it ; and 
experiments are produced to prove, that the power of giving a shock in an elec- 
trized phial of water, proceeds from the water in the phial, and not from the 
phial itself, as Mr. Franklin imagines. In this letter likewise is an examination 
of Mr. Franklin’s opinion, that in the charged phial, as much fire as is received 
by one of its surfaces is lost by the other. 

The 5th letter to Mr. Franklin is in respect to the power of pointed non- 
electric bodies drawing off and throwing off electrical fire, at a much greater 
distance than obtuse bodies do of the same kind. Our author thinks, that Mr. 
Franklin has attributed more power to pointed bodies, than on experiment he 
finds to be true. 

The 6th letter to Mr. Franklin is on the analogy of thunder with electricity. 
This is a fact at present so well established, as to admit of no doubt. But our 
author cannot agree with Mr. Franklin in his opinion, “ that thunder is at pre- 
sent m the power of men, and that we are able to dissipate it at our pleasure : 
that an iron rod (such a one as Mr. Franklin has directed, and such a one a$ 
has been made use of) is sufficient to discharge of all its fire a steamy cloud 
against which it is directed.” For his part he confesses, that he cannot believe 
it ;■ first, because he sees too great a disproportion between die effect mid the 
cause : secondly, because the principle, which is given us to support this opinion, 
is not sufficiently established. He can hardly think, that the fiilminating matter 
contained in a cloud, capable of oovering a great city, can be drawn off in a few 
minutes by a pointed bar, as thick as your finger. If even a number of these 
placed on the tops of eminenoies were only necessary to prevent the effects of 
thunder, would not the vanes and crosses at the tops of our steeples have been 
nuffioent to procure us this advantage ? TheeCbuiklings however, in all times, 
have not been exempted from the mischiefs of thunder. He despairs of our weak 
efforts ever being able to disarm die heavens. 

In this letter are also considered the validity of Mr. Franklin’s hypothesis of 
electric and non-electric clouds ; the former arising from the sea, the latter from 
the land ; their operation approaching near each other ; the difference, according 
to Mr, Franklin, between electrical and common fire ; and several other parts of 
Mr. Franklin’s doctrine. 

The 8th letter is addressed to M. Jallabert of Geneva ; and, among other 
curious particulars, inserts part of a letter, which our author had received from 
Mr. Jallabert, giving an account of au experiment, which Mr. Jatlabert had 
some time since made at the water-works at Geneva. An aeoomit of this ex- 
periment was communicated by Mr. W. to the Society ; and it has a near rela- 
tion to the experiment which was made here in electrizing the river Thames 6 
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years ago. Mr. Jallabert consults the Abbd Nollet in regard to the solution of 
the phenomena of this experiment ; and the Abb 6 now gives the same solution 
to it, which Mr. W. first gave to a similar experiment of Le Monnier’s, and laid 
before the Society in January 1'746, and since applied on other occasions in il- 
lustrating. the electrical circuit. 

The 9 th letter to Mr. Boze at Wittemberg, is in answer to one of Mr. Boze, 
in which this gentleman expresses himself surprized, that so many ages have 
passed, without it having been discovered that thunder electrizes bodies ; since 
it depends on an. experiment so simple, and which it is hardly possible to fail in, 
when you desire to repeat it under proper circumstances. On this our author 
observes, that people in general only see the facts, or are ignorant of, or do not 
consider the means by which philosophers arrive at them ; nor perceive the cir- 
cumstances, without which these phenomena could never have been made 
known to us ; and that Mr. Boze will cease to be surprized, as he is so well 
versed in these phenomena, when he reflects on what our author offers. 

To make the experiment in question, it is necessary that bodies should be sup- 
ported by glass, silk, or resin, without touching any thing else communicating, 
with what we now call non-electrics ; without which, the signs of electricity, 
which are sought for, cannot manifest themselves. ' To this experiment there- 
fore, a previous knowledge is required of insulating bodies to be electrized ; but 
where is the man who was acquainted with this fact 30 years ago ? Before that 
period, it was not even guessed at by any one. 

Since Mr. Gray discovered, that bodies must be insulated, to communicate to 
them a perceptible electric virtue, to what purpose could we set up iron bars 
under a stormy cloud ? This thought could not have happened, but to those who 
had taken notice of the analogy between lightning and electricity, and on whom 
this idea had made a strong impression. And no one could think seriously on 
this analogy, but since the discovery of the Leyden experiment, that is, since 
the year 1746. Before that time the electrization of bodies by thunder could 
not have been perceived, but by an accident very difficult to meet, on account of 
the conditions requisite. 

Yet it may be urged, that bodies, being really electrized, have shown them- 
selves in all ages,* as historians both ancient and modem have expressly men- 


* I formerly took notice, that the electrical attraction had been observed so early, as to be men- 
tioned by Theophrastus (see Phil. Trans, vol. xliv. p. 732) ; so its luminous appearance, though only 
considered as a meteor, is mentioned by Plutarch, in the life of Lysander. Pliny, in the second 
book of bis Natural History, chap. 37, calls these appearances stars ; and tells us, , not only that they 
settled on the masts, and other parts of ships, but also on men's heads. Seneca too in his Natural 
Questions, chap. i. takes notice of the same phenomenon. And in Caesar, de Bello Africano, cap. 6 , 
edit. Amstel. 1686 , we find them attending a very violent storm. Livy, chap. 22, mentions two 
similar facts. 
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tioned. But to this it may be replied, that it was not enough to know the fact, 
unless people were sufficiently acquainted with it to take it for what it really was ; 
that is, the electric virtue : for without that, observations of this kind could have 
very little weight with any person engaged in the inquiry. At present, indeed, 
when we know, from the experiment of Marly-la-ville, that a stormy cloud is a 
great electric mass, the action of which extends itself sensibly even to bodies 
which are on the surface of the earth, we must agree, by reflecting on them, 
that the lights which have been seen on the crosses placed on the tops of several 
steeples, those which the Roman soldiers said they had observed at the end of 
their pikes, and those lambent flames which appear on the masts of ships, which 
mariners call St. Helmo’s fire, are so many electrical phenomena. But until the 
moment that this experiment was made, which opened our eyes with regard to 
the possibility and nature of these marvellous effects, these appearances were re- 
garded either as popular illusions, or false prodigies, or even as luminous va- 
pours, which might be ranged in the class of phosphori. Besides, as these 
were seen but seldom, if ever we had been tempted to attribute them to the in- 
fluence of stormy clouds, we might have been dissuaded from it, by considering 
the little agreement there is between the rarity of these effects, and the frequency 
of the causes, which might produce them. 

We see therefore how important it is to describe exactly the phenomena we 
observe : otherwise, how long may it be, before we can deduce any real instruc- 
tion from those, which we have been informed of in a negligent and superficial 
manner? We have heard all our lives of St. Helmo’s fire, of those which the 
ancients call Castor and Pollux, and of the comazants of our mariners. But, 
from what we have had related to us, and from what we have read, who could 
have been prevailed on to range them with electrical phenomena ? We have heard 
them represented as thin lambent shining lights, a kind of phosphoreal vapour : 
but there is a passage in the memoirs of the Count de Forbin, quoted by our 
author, mentioning St. Helmo’s fire ; which if any one, well versed in the phe- 
nomena of electricity, had carefully attended to and considered a few years ago, 
he might have prognosticated success to Mr. Franklin, when he proposed his 

These appearances are called, by both French and Spaniards inhabiting the coasts of the Mediter- 
ranean, St. HeJme or St. Telrae’s fires 5 by the Italians, the fires of St. Peter and St. Nicholas, and 
are frequently taken notice of by the writers of voyages. If some late accounts from France are to 
be depended on, we are informed, that at Plauzet it has been observed for time immemorial j and 
M. Binon, the cure of the place, bears his testimony of the truth, that, for 27 years, which he has 
resided there in that capacity, in great storms, accompanied with black clouds, and frequent light* 
ning, the three pointed extremities of the cross of the steeple of that place appear surrounded with a 
body of flame $ and that, when this phenomenon has been seen, the storm was no longer to be 
dreaded, and calm weather returned soon after. — Orig. 
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•experiment on thunder. “ In the night, says the author of those memoirs, 
on a sudden it became exceedingly dark, and thundered and lightned most dread- 
fully. As we were threatened with the ship’s being tom to pieoes, % I ordered the 
sails to be taken in : we saw, on different parts of the ship, above 30 St. Helmo’s 
fires ; among the rest, there was one on the top of the vane of the main-mast, 
which was more than a foot and half in height. I ordered one of the sailors to 
take it down ; when this man was on the top, he heard this fire ; its noise re- 
sembled that of fired wet gunpowder. I ordered him to lower the vane, and 
come down ; but scarcely had he taken it from its {dace, but the fire left it, and. 
fixed itself on the top of the mainmast, from which it was impossible to remove 
it ; and it continued there a considerable time, till it gradually went out, &c.” 

If all the authors, who have taken notice of St. Helmo’s fire, had spoken of 
it as this just quoted, philosophers might have reproached themselves for its 
having been so long before they had a just 'idea of it, and for their not having 
shown the principle on which it depended. But how few historians are there, 
who could have related this feet with circumstances so proper to put us in a right 
train, as those just mentioned ? 

. “ And here I cannot but observe, as I am convinced, that the matter of thun- 
der and that of electricity are one and the same, how vast an idea must the 
attending to the before-mentioned passage excite in the ipind of persons, accus- 
tomed to the phenomena of electricity ? How immense a quantity of it must they 
conceive to have been at that time in the atmosphere surrounding the ship, and 
within the verge of its action, to furnish more than 30 St. Helrm/s fires ; the 
same in fact which we see at the ends of our conductors in electrizing, one of 
which was more than a foot and half in height ? At this time, and under these 
circumstances, the mast, yards, and every part of the ship, I consider as con- 
ductors of electricity, between the then electrized atmosphere, and the sea ; and 
though, being of a vegetable nature, and, if dry, even of the worst kind for this 
purpose* they conducted electricity much less perfectly than metal under the like 
circumstances would have done, I doubt not but that they were greatly instru- 
mental in averting the danger, with which the ship was threatened- 

“ On these considerations, I do not scruple to recommend, as Mr. Franklin 
has done, communications of ’metal between the spindles and iron-work at the- 
tops of the masts of ships, and the sea; or,, which will, answer the same purpose, 
the bilge water in the well. This can be liable to. little objection, as the doing it 
is neither difficult nor expensive ; an iron wire, of the thickness of a goose- 
quill, conducting electricity more readily than any piece, of timber, however 
large; and these masts do it so much the worse, as they are of a resinous, nature. 

From attending to these plieuomena, we every day see more and more the 
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perfect analogy, to compare great things with small, between the highly elec- 
trized glass jar, in the experiment of Leyden, and a cloud replete with the matter 
of thunder. But move of this perhaps on some future occasion. 

“ Though the number and continuance of the St. Helmo’s fires, in the pas- 
sage before mentioned, probably tended greatly to preserve the ship from the 
destruction with which it was then threatened, yet the cause may be too great, 
and come on too fast, to be lessened enough by these means to avert the mis- 
chief. Thus in the account, published in the Philosophical Transactions,* from 
captain John Waddel, his ship was almost beaten to pieces by the thunder and 
lightning : though, as he expresses himself, there were sundry large comazants 
over hesyl, some of which settled on the spindles on the topmost heads, and 
burnt like very large torches. When this account was written, these phenomena 
were only considered as the presages or attendants of a storm, and no sort of in- 
ference proposed from them.” 

But to return to our author. His work doses with a series of experiments, 
intended to demonstrate the validity of the conclusions exhibited in it. These 
merit the particular attention of those conversant in these matters. It may be 
further observed, that some of the experiments are made in vacuo, and are of 
the same kind with those which Mr. W. communicated to the Royal Society in 
February 1752; and which have been since published jn the Philosophical 
Transactions.*^ 

On the whole, he thinks this treatise a very valuable one, as it gives us the 
still riper thoughts of an able writer on a difficult, and till very lately, an almost 
unknown subject ; of one who, besides his inquiries into this part of philosophy, 
has a great compass in the knowledge of nature, and is therefore well qualified tu 
investigate her phenomena. 

JJ J//. The Number of Persons in the City of Bristol, calculated from the 

Burials for Ten successive Years , and also from the Number <f Houses. By 

John Browning , Esq. of Bar ton- hill near Bristol, p. 217. 

The certificates were obtained under the hands of the praecentor of the col- 
lege, the several ministers of tlje 17 parish-churches, the register keeper of the 
several quakers’ cemeteries, the several Anabaptists’ cemeteries, the Jews’ new- 
ereeted cemetery, for 10 years, mduding the year 1741 and 1750. As some of 
the parishes within the liberties of the dty extend beyond the liberties into the 
counties of Gloucester and Somerset, they are distinguished by the names of the 
out-parishes. The inhabitants' of the several out-parishes being buried within 

• Vol. xlvi. p. Ill; 

+ Vo\. xlvii. p. 363, et «eq. , 
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the liberties of the city, must of consequence be brought Into the city bill of 
mortality. 

The total number of burials for 10 years was 17317* which is on a medium 
1731 in each year. 

Now the latest and most accurate observations demonstrate, that in great cities 
a 25th part of the people die yearly. Therefore, at this rate, 1731 x 25 = 
43275, is the number of the inhabitants, computed on this principle. 

The number of houses rated to the land-tax, as appears by the rates in the 
council-house, Michaelmas, 1751, is 4866. 

But as the rates are not always accurately made, and as it is the usual custom 
not to rate houses, which are untenanted, nor hospitals, nor alms-houses, it will 
be necessary to make a very large allowance for these deficiencies, especially as 
many houses are rated in gross under the denomination of several tenements, 
when they belong to the same landlord ; in all the several parishes, an allowance 
of 25 percent, will be more than sufficient, which produces 1216. 

Also the number of houses in the out-parishes is 1228. 

These 3 numbers collected, make the total number of houses 7282. Now 
the usual number of souls allowed to each house is 6. Hence, 

7282 X 6 = 43692 number of inhabitants by the houses. 

And 43275 number of inhabitants by the burials. 

XXXIII. Of the Eclipse predicted by Thales. By the Rev. William 

Stukely, M.D. p. 221. 

The eclipse predicted by Thales the Milesian, happened in the 603d year be- 
fore the Christian aera. At this time there was a sharp war between the Medea 
and Lydians, of which Herodotus gives an account. Halyattes, father of the 
famous Croesus, was then king of the Lydians. 

After the Medes had conquered all the upper or northern part of Asia, from 
the old possessors the Scythians, they again extended their borders to the river 
Halys in Lesser Asia, the boundary between Cappadocia and Armenia, or be- 
tween the Lydians and Medes. It was not long before a war took place between 
these nations, which continued for 5 years together, with various success. In 
the 6th year they engaged each other, with the utmost of their strength ; in- 
tending to make that battle decisive, but while the fortune of the day seemed to 
hang in an equal balance, there happened a total eclipse of the sun, which over- 
spread both armies with a horrible darkness ; so that being affrighted at such a 
critical judgment of Heaven, as they thought it, both sides put up their swords* 
and agreed to refer the controversy between them to two arbitrators. Halyattes, 
king of Lydia, chose Siennesis, king of Cilicia ; Cyaxares, the Median monarch, 
chose Nebuchadnezzar, now busy in leading the Jews into captivity. Nebu- 
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chadnezzar is by Herodotus called Libynetus. It seems that the letter N, in 
the beginning of the word, has, in the ancient copies of Herodotus, been turned 
into A; and then the words, in two different dialects, are not very different. 

These great arbitrators compromised the matter between the contending 
parties, by making a match between the two royal families ; and so restored peace 
and friendship. Astyages, the son of Cyaxares, king of Media, married Ariena, 
daughter of Halyattes, king of Lydia, of whom, a year after, was bom Cyaxares, 
whom .the prophet Daniel calls Darius the Mede. And in that last-mentioned 
year, king Cyaxares gave his daughter Mandane in marriage to Cambyses king 
of Persia;, of- whom, the next year, was born the great Cyrus, the founder of 
the Persian monarchy, whom the prophet Isaiah foretold by name, that he 
should restore the polity of the Jews, the city of Jerusalem, and the temple, and 
return the sacred vessels of gold and silver, which Nebuchadnezzar had carried 
away, and put into his heathen temple at Babylon. 

Thus ended this famous quarrel between the Medes and Lydians, through the 
timely event of a total solar eclipse, made still the more eminent, that it was 
foretold to the Ionians by Thales of Miletus, then in the 37th year of his age. 
He was born in Phoenicia ; and there doubtless he acquired his knowledge iu 
astronomy. He was the first who brought this science into Greece, 300 years 
after the pretended Chiron of the Argonauts. It is an invincible argument, that 
he learned his art ; for a whole life is not sufficient, so to observe the motions of 
sun and moon, as to be able to calculate an eclipse. 

This is the first eclipse, which we have recorded in so circumstantial a man- 
ner. Notwithstanding all this, it is strange how the learned have erred about 
the true year of this memorable affair. Pliny begins the mistake, telling us, that 
it was the 4 th year of the 48th Olympiad ; whereas it was the 4th year of the 
43d. It is not unlikely that the numeral letter V is crept into the original. 
Clemens Alexandrinus makes it about the 50th Olympiad. Dr. Prideaux makes 
it 5 years too late ; Archbishop Usher 2 years. Sir Isaac Newton gives us the 
true month and day, but assigns the 585 year, as Ricciolus. 

Of this eclipse, Dr. S. has traced the moon’s shade, as it passed over the 
earth’s surface from 20 to 60 degrees of longitude east from London ; and from 
25 to 50 degrees of north latitude, with the hours, half-hours, and quarters of 
time, where vertical. This was on the 18th of May in the proleptic Julian 
style, in the year of the Julian period 41 11, the 603d year before the vulgar 
sera of Christ. The eclipse was total 4 minutes and a half, where the battle was 
fought. The shade entered the desert of Barca in Africa, soon after 9 in the 
morning. It traversed the Mediterranean sea, and isle of Cyprus ; entered Asia 
Minor at Cilicia, a little before 1 1 ; about half an hour after, it passed the city 
now called Erzerum ; near which Dr. S. supposes the battle was fought, as being 
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at the boundary between the two kingdoms. It is between the river Halys, awl 
the river Melas, on which was the ancient city Melitene. The river Melas runs 
eastward into the Euphrates. At half an hour after 12, the shade entered on the 
Caspian sea, and at l on the Kalmuc Tartar}'. 

We see here an authentic parapegma in ancient history, deduced from astro- 
nomy : and we see a remarkable instance of a most furious war terminated by 
the intervention of an eclipse. 


XXXIV. A further Account of the Giants' Causeway in the County of Antrim 
in Irelahd. By the Rev. Richard Pocock, LL.D ., F.R.S. p. 226. 

Dr. P. having taken another, and more particular view of the country about 
the causeway, states that he went about 2 miles to a peninsula called Donseverik, 
where he saw some tendency in the rock towards this work of nature ; and going 
about half a mile farther, came to the beginning of the pillars in the sea cliff, 
about 5 miles from the causeway : and the shore and cliffs being shaped mostly 
in little semicircular bays, he had many beautiful views of the upper and middle 
strata of pillars : in one particularly they had much the appearance of ruined 
porticos one over the other ; and turning the little end of a spy-glass, it appeared 
something like the ruins of Palmyra, as a view of them is represented in. a copper- 
plate, published in the Philosophical Transactions. This wonderful work of 
nature is continued on in the cliffs for about a quarter of a mile beyond the 
Giants’ Causeway. 

He saw it again in the road to Coleraine, 5 miles to the west of the Cause- 
way, in a low hill a furlong to the south of the road, and 2 miles to the south, 
of the sea. The pillars here are small ; and being about a mile and a half from. 
Batlimagarry, where the earl of Antrim has a ruined house, lately burnt down, 
it served as a quarry for building part of that house, in which he saw a great 
number of the stones, and particularly one of Q sides. He saw others near a 
miles farther, to the south of the road in a low hill, within 2 miles of Coler aine ; 
so that the whole extends about 1 1 Irish miles, or 14 English. 

Beyond Coleraine, to the east of Magilligan, he saw in the rocks towards the 
sea-cliffs, the stones in the hills very regular, appearing at a distance much like, 
these pillars. This is 6 computed miles beyond Coleraine, and consequently 
about 10 English miles from the last pillars. At Fauhead also, a high point of 
land, 3 miles to the east of Ballycastle, towards the top of it, the rock appears 
as in grand pillars. They say it is not in joints, but it has something of the ap- 
pearance of a grand Gothic piece Of workmanship. It is a black stone, weighty 
and brittle : and he had been informed, that it was tried in a glass-house, and 
that it melted with kelp, soas to make the black glasB bottles: which experiment 
he was told had been made by Mr- Dobbs. 
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"Mr. Dniry found in a stone of the Causeway a rough pebble, in the shape of 
an egg, about -f- of an inch long, and above an inch thick , and when it was 
polished, it proved to be a white cornelian. They are from 3 to 9 sides, fre- 
quently encompassed with as many stones as there are sides ; but many of them 
have a narrow side, which has no stone to it, but is filled up with a piece or 
pieces of stone ; which pieces, when the stones are moved, commonly separate, 
and break off. Some stones have 2 or 3 or more of these sides ; so that it is 
possible, a stone that has any uumber of stones round it, may have double the 
number of sides. 

XXXV. A Letter on the same Subject from the Rev. Richard Pococh, LL.D. 
Archdeacon of Dublin, to the Rev. Tho. Birch , D.D. Seer. R.S. p. 238 . 

Does not contain any important additions to the preceding and other accounts- 

of the Giant’s Causeway. 

X.XXVI. A View of the Relation between Dr. Halley's Mortuary Tables, and 
the Notions of M. De Buffbn, for establishing a Rule for the Probable Dura- 
tion of the Life of Man. By Mr. JVilliam Kersseboom , of the Hague . 
Translated from the French, by James Parsons, M. D., F. R. S. p. 239. 

. “ Man, says M. de Buffbn, at die end of the 2d tome, dies at all ages ; and 
though it may be said in general, that his life is longer than that of almost any 
other animal, it cannot be denied that it is also more variable and uncertain. 
Attempts have been of late years made to know the degrees of these variations, 
and to establish, by observations, some certainty concerning tlie mortality of 
mankind of different ages. If these observations were sufficiently exact, and a 
good number of them made, they would be of great use towards knowing the 
number of the people, of their increase, 'of the consumption of provisions, of tlie 
division of taxes, &c. Many ingenious men have studied this subject ; and 
lately M. Depareieux, of the Academy of Sciences, has given an excellent work, 
which serves as a rule with respect to annuities for life : bnt as his principal view 
was to calculate the mortality of annuitants, and that generally annuitants for life 
are men in one state, no conclusion can be drawn from it for tlie mortality of 
uMakindat huge. 

“ Dr. Halley, Mess. Gitaunt, Kersseboom, Simpson, &c. have also pub- 
lished tables of the mortality of mankind ; and they have founded them on ex- 
tracts from the bills of mortality of some parishes of London, Breslaw, See. 
But it appears that their researches, however ample, and the result of long study, 
can afford only very distant approaches to the knowledge of the mortality of 
mankind in general. In order to make a good table of that kind, not only thq 
registers of the parishes of such cities should be used, w here foreigners are daily 
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coming in, and natives going out, but also those of the country ; that, by 
adding together the results of each, the one may compensate for the other. M. 
Dupre, de St. Maur, of the French Academy, has begun this on 12 country 
parishes, and 3 of those of Paris : these I publish, because they are the only 
tables on which the probabilities of the life of mankind in general can be estab- 
lished with any certainty.” 

On this passage M. Karsseboom says he is greatly surprized, that a philoso- 
pher should condemn works which he never either saw or read : for it is evident 
that M. de Buffon never saw his Essays on Political Arithmetic ; and that all 
which he appears to know of it, is indeed very slightly drawn from M. Depar- 
cieux’s work, who knew no more of it, as he himself makes it appear, than what 
he found in the Bibliotheque raisonnee for the first 3 months of the year 1743, 
Tom. 30. This extract happens unluckily not to he made by an able hand ; 
but, on the contrary, very fit, by its confusion, and the irregularities which run 
through it, to lead into errors. The corrections, that were made in the 2nd 
part of the same 30th tome, are not even sufficient to secure the reader from 
mistakes. 

Yet M. de Buffon, without even reading the work, might have known more 
of it, though written in a language which he is probably a stranger to ; since 
Mr. Eames has given an excellent extract of the first essay in English, printed in 
N° 450 of the Philos. Trans. 

M. K. would say much the same of that excellent piece of the learned Dr. 
Halley, if his surprize did not increase, the more he reflected, that this work > 
ought to be thoroughly known to a member of the Royal Soeiety of London ; 
and yet that this very member makes so careless a judgment on it. This reflec- 
tion leads to another kind of defence of that famous deceased author ; which -is 
to make M. de Buffon sensible, that “ nearly the same degrees of probability of 
the duration of the life of man in general” are in the table of Dr. Halley, which 
he would have us think are in the extracts of M. Dupre’s observations or tables, 
which he has published. For this purpose M. K. constructed a table parallel to 
that of Dr. Halley, which begins with 1000 lives of one year old, and which he 
found, in the reduction of the great general numbers of Dupre’s tables, to have 
also the smaller numbers analogous; that is, by beginning also with 1000 lives 
of a year old. Both tables are laid down as follows : 
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Halley s 

Table . 


Halley s 

Table. 

Dupre's, reduced . 

Dupre's, 

reduced. 


Numb 

Num. 0 
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Numb 
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Years 

Numb. Numb. of! 

(Years Numb. Numb, of 
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of 

Deaths 

1 


of 

Deaths fr 

of 

of 

Deaths fr. 

of 

of 

1 Deaths fr. 

Age. 

Lives. 

Yr.toYr 


Age. 

Lives. 

Yr. to Yr. 

Age. 

Lives 

Yr. to Yr. 

Age 

Li ves. 

Yr. to Yr. 

1 

1000 

145 


43 

417 

10 

1 

[000 

136 

43 

406 

6 

2 

855 

57 


44 

407 

10 

2 

864 

56 

44 

400 

18 

3 

79 8 

38 


45 

397 

10 

3 

808 

40 

45 

382 

8 

4 

760 

28 


46 

387 

10 

4 

768 

29 

46 

374 

6 

5 

732 

22 


47 

377 

10 

5 

739 

23 

47 

368 

9 

6 

7 10 

18 


48 

367 

10 

6 

716 

17 

48 

359 

6 

7 

692 

12 


49 

357 

11 

7 

699 

14 

49 

353 

21 

8 

6 SO 

10 


50 

346 

11 

8 

6'S5 

9 

50 

832 

5 

9 

670 

9 


51 

335 

11 

9 

676 

6 

51 

327 

9 

10 

66l 

8 


52 

324 

11 

10 

670 

5 

52 

318 

5 

11 

65 3 

7 


53 

313 

11 

11 

665 

6 

53 

313 

7 

12 

646 

6 


54 

302 

10 

12 

659 

4 

54 

306 

4 

13 

640 


u 

55 

292 

10 

13 

655 

4 

55 

302 

19 

14 

634 


■ 

56 

282 

10 

14 

651 

5 

56 

283 

7 

15 

6 28 


1 

57 

272 

10 

15 

646 

6 

57 

276 

11 

16 

6 22 



58 

262 

10 

16 

640 

6 

58 

265 

5 

17 

616 


■ 

59 

252 

10 

17 

634 

6 

59 

260 

30 

18 

610 

6 


60 

242 

10 

18 

6 28 

6 

60 

230 

5 

19 

604 

6 


61 

232 

10 

19 

622 

8 

6l 

225 

10 

20 

598 

6 


62 

222 

10 

20 

614 

5 

62 

215 

cm 

21 

592 

6 


63 

212 

10 

21 

609 

10 

63 

206 

Em 

22 

586 

7 


64 

202 

10 

22 

599 

7 

64 

197 

fel-, 

23 

579 

6 


65 

192 

10 

23 

592 

7 

65 

184 

0 

24 

573 

6 


66 

182 

10 

24 

585 

11 

66 

171 

f^r 

25 

567 

7 


67 

172 

10 

25 

574 

8 

67 

164 

13 

2 6 

560 

7 


68 

162 

10 

26 

566 

8 

68 

151 

6 

27 

553 

7 


69 

152 

10 

27 

558 

8 

69 

145 

22 

28 

546 

7 


70 

142 

11 

28 
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6 

70 

123 

6 

29 

539 

8 


71 

131 

11 

29 

544 

13 

71 

117 

15 

30 

531 

8 


72 

120 

11 

30 

531 

5 

72 

102 

7 

31 

523 

8 


73 

109 

11 

31 

526 

10 

73 

95 

9 

32 

515 

8 


74 

98 

10 

32 

516 

8 

74 

86 

15 

33 

507 

8 


75. 

88 

10 

33 

508 

7 

75 

71 

6 

34 

m 

9 


76 

78 

10 

34 

501 

16 

76 

65 

7 

35 

490 

9 


77 

68 

10 

35 

485 

10 

77 

58 

9 

36 

481 

9 


78 

58 

9 

36 

475 

9 

78 

49 

3 

37 

472 

9 


79 

49 

8 

37 

4 66 

9 

79 

46 

14 

38 

463 

9 


so 

41 

7 

38 

457 

5 

80 

32 

3 

39 

454 

9 


81 

34 

6 

39 

452 

23 

81 

29 

5 

40 

445 

9 


82 

28 

5 

40 

42 9 

5 

82 

24 

4 

41 

436 

9 


83 

23 

3 

41 

424 

11 

. 83 

20 

3 

42 

427 

9 


84 

20 


42 

413 1 

7,1 

iii_ 

17 



Sum total of Dr. Halley’s table 34000 

Siim.total ; of M. Dupr6’s table reduced 3391 1 a g 

Jn the whole matter, all the difference between these two tables cc^Rsts in 
this, that Dr. Halley’s is more perfect, more compact, and more conformable to 
those observations which conduct us to the idea of a progression nearly arithme- 
tical, which the great number of researches enables us to unfold by little and 
little, in the representation of the strength of human ljfe, when that strength is 
become more uniform. 
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It is therefore sufficiently demonstrated, that Dr. Halley’s table ought not, in 
M. de Buffon’s opinion, to be excluded from the class of those which “ are the 
only tables on which the probabilities of the life of mankind in general can be 
established with any certainty;” far from bang comprised, in his severe judgment, 
among those of authors, “ whose researches, however ample, and the result of 
long study, can afford only distant approaches to the knowledge of the mortality 
of mankind in general.” 

M. de Buffon begins his table of the probabilities of life with a term, which 
precedes that of a year old, called zero d’&ge; and from M. Dupre’s observa- 
tions, assigns to it a duration of 8 years. M. K. first thought it an error of 
the press; but there is no room for this doubt, after what M. de Buffon says, 
«« We see by this table, that we may reasonably hope, that is, lay an even wager, 
that an infont just born, or who has no age, will live 8 years; that an infant of 
a year old, will live 33 years,” &c. This little space of 8 years struck Mr. K. 
because all the observations, which he knew, are very for from it. He had 
therefore recourse to the source, to the observations of M. Dupre himself, and 
found -it was a mistake of M. de Buffon; the mean life of infants of no age 
being, according to M. Dupre’s tables, 25 years and upwards; and, from the 
observations of Justel, which Dr. Halley made use of, the mean life of a child 
of no age is above 27 years. 

M. K. thinks the subject not absolutely requires his offering a word concern- 
ing the nature of both Justel’s and M. Dupre’s observations. The remark has 
not escaped the sagacity of Dr. Halley himself: it is, “ that they want the essen- 
tial; which is, the number of living persons, among whom the observations on 
the dead are made.” If M. de Buffon had made the same reflections on M. 
Dupre’s tables, he would have found the irreparable defect of them, as well as 
Dr. Halley did in Justel’s observations; and he would doubtless have attended 
naore to the method proposed by Mons. Deparcieux. 

XXXVII. Abstract of a Letter from Father d 1 Incarville, of the Society of 

Jesus, at Pekin in China, to the late Cromwell Mortimer, M. £>., R. S, Seer. 

Dated Pekin, Nov. 15, 1751. p. 253. 

The leaves and flowers of the varnish- tree, which he sent, came from the 
province of Nan King. This tree is different from that he saw in the king’s 
garden at Paris. The latter is the same with what lie saw at Macao; which was 
brought from MTssissipi into France. There is not in Europe the tree, from 
whose fruit the toeng yeou is drawn. It were to be wished they could raise it 
there. The toeng yeou is an oil, or natural varnish, drawn by expression from 
the fruits, which he sent, of which they make a very great trade in China. It 
costs but very little, the pound weight being worth about 7 or 8 sols of our 
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money. It is said, that they sell it at Paris under the name of China varnish. 
It is excellent for preserving furniture, giving them a polish not inferior to our 
Varnishes of Europe, which cost so much money. Perhaps they may make some 
attempts to use it in Europe; but they will not succeed, because they know not 
how to prepare it. This oil is so common in China, that the greatest part of the 
people, in tolerable circumstances, rub over their timber with it, giving it what 
colour they please. It not only adorns their houses, but also preserves the wood. 
The columns that support their houses, and those of the great room where the 
emperor’s throne is, are varnished with no other than this oiL 

The kou chou is a tree, of the bark of which they make the best paper in 
China. The common paper of their books, which looks yellowish, is made of 
a particular species of bambou, of which they prepare the young shoots, as We 
prepare hemp. They whiten it by boiling ft in lime-water : in this manner they 
prepare the kou chou. There is no silken paper in China; all the different kinds 
of paper here are made either of bark, hemp, or of the straw of corn or rice. 
Sometimes they blend with this last the stalks of the typha.* The paper made 
of hemp or straw serves only for wrapping up goods, or to make pasteboard; 
and that made of the bark of the cotton-plant serves for fans, being less apt to 
crack than any other white paper. 

The white wax, produced by certain insects, is a very curious and profitable 
thing. What had been told him by one of their missionaries, who had bred 
them himself, is not sufficient to give a proper idea of them. As to the manneV 
of their depositing this wax, it appears that there Is some analogy between it, 
and the manner of the gum lac’s being deposited by certain ants.-f- 

In the emperor’s palace they very rarely use any other candles, than such as 
are made of this wax, because it never emits any smoke. The learned therefore 
use them only, when they compose an exercise on their examination for degrees; 
for then they are confined in very small rooms, where the smoke of tallow candles 
would incommode them greatly. The chief consumption of this wax is owing 
to their coating tallow candles with it. This wax is procured by boiling the 
matter rasped off the branches of the tree, the leaves of which are the proper 
nourishment of these insects, in a large vessel of water; the wax swims at the 
top, and when cold it is taken off in a cake. 

* Typha palustris major of Caspar Bauhin. Cat’s- tail. — Orig. 

f In order to explain this passage, I take the liberty of making the following remark. The lacca- 
tree is the jujuba indica of the great Ray ; which produces this gum. The letter writer is misled by 
what Garcias ab Horto says about it, that certain large winged ants make this gum out of the juice 
sucked from this tree, and deposit it upon the surculi, &c. of the same : but the celebrated Ray and 
J v Bauhin say, it is exudated, and by the heat of the sun concreted into the form, in which it is 
found on the parts of this tree. There are other trees which produce this gum, as well as this, men- 
tioned by Hermannus. — Orig. 
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The berries of the tallow-tree are of great use in the southern provinces, 
where there are very few sheep. Almost all the candles, sold there, are made 
of the oil drawn from these berries. They procure tins oil in the same manner 
mentioned concerning the wax, and as this oil is not of so good a consistence as 
tallow ; for its cohesion, when candles are made of it, they dip them in the white 
wax before-mentioned; the external coat, thus made, prevents them from gut- 
tering.* At Pekin the same thing is done with tallow candles; nor does he ever 
remember to have seen them run down. He imagines that our bee’s-wax would 
answer the same purposes with this white wax of China. 

The seeds of the yen tchi come from a plant which is very particular. From 
these seeds or berries, when very ripe, a tincture of a fine red is drawn, as may 
be seen in the flakes of cotton charged with this colour, sold here. They 
moisten them with a little warm water, and then express the colour, which is 
afterwards evaporated to dryness, and serves for water-colours. 

The persicaria, of which they make indigo in and about Pekin, merits atten- 
tion. Indigo is also made of the persicaria maculata, with which the banks of 
rivers and streams often abound; but it is of an 'inferior quality to that made 
with the otherpersicaria, and this even is not of equal value with that made of 
the anil, Is made in the southern provinces here, and in those of 

America. 

The stones of apricots come from a species of tree, whose fruit is not eatable. 
These trees are only cultivated for these stones, from which an excellent oil is 
produced for burning; and which, instead of olive oil, they use for sallads. 

The hoai tze are the clusters of the flower of a bastard acacia, from which a 
fnost beautiful yellow tincture is drawn, by boiling them with a little alum. 
The hoang tchi tze produces yet a finer tincture: but the finest yellow colour 
of China comes from the hoang pe pi; and these three are prepared in the same 
iqanner. 

A kind of stuff is made from the cods of the wild silk-worm, called kien 
tcheou, excellent for wear, when made for gain. It is scarce, and dear. There 
is another kind of kien tcheou, of which they sell a large quantity at Canton: 
it is made of the silk drawn from other cods. These cods are capable of being 
wound on wheels or spindles. First they must be boiled in a strong lee, made 
of the ashes of the stalks of the Sarazin com, till they are capable of being 
pulled asunder with the fingers, in order to turn them inside out, and take out 
the fragments of the chrysalis; and as this kind of stuff is worked like other 
cloth, the weavers do the rest. 

The fruits of the tong yeou, and of the tallow tree, which you should have 

• Ibis is applicable to the green wax of Mississippi Orig. 
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received last year, were fresher than those before sent. This year you will receive 
the cods of silk, which makes the silk called kien tcheou, with the butterflies, 
which come from them. The other things sent want no explanation. 

The empire of China abounds in mines of all sorts, as gold, silver, copper, 
tin, lead, iron, &c. The provinces which produce the greatest quantity are, 
Yun nan, and See tchouen. The two greatest rivers of China, Kiang and 
Hoang ho, send down quantities of gold sand. The former takes its source in 
the province of See tchouen, and the latter from Coconor; but they find mines 
of gold and silver in the provinces of Yun nan. See tchouen, Chen si, Chan 
tong, Hou kouang, Fou kien, Kouei tcheou, Pe tche si: but, for political rea- 
sons, they work but few of them. He believes the principal is, lest the greedi- 
ness of gain should excite popular insurrections. They open them sometimes in 
one place, sometimes in another; but on the least appearance of a rising, they 
immediately shut them up again. We cannot give any account of what is de- 
sired, concerning the manner of working the several mines. We are not in a 
way of informing ourselves. As to what regards petrifactions, he had only seen 
a few crabs, pieces of wood, and some bones, which he takes to be those of 
buffaloes. 

The Chinese have but a very confused idea of a universal delqg^ They only 
conclude from things seen on the surface of the earth, that there must formerly 
have been some terrible hurricane, and that the sea had covered the face of the 
earth. A great mandarin, who had , a better understanding than the Chinese 
commonly have, being sent into Ho nan, to visit several places, observed, on 
the top of a veiy high mountain, a kind of basin, the circumference of which, 
formed by the mountain, was filled with different figures of fishes, shells, and 
marine plants, impressed on stones; he said to another mandarin, who accom- 
panied him, “ Certainly the sea must have been here; these fishes, shells, and 
plants are found only in the sea.” F. Gaubil says, the Chinese books pretend 
that such impressions are found on the highest mountains of Thibet, and Sfee 
tchouen. 

The greatest part of the cinnabar of China comes from the province of Yun 
nan: and it is said there is some also in Kiang si, Hou kouang, and Koui tcheou. 
Kang hi, the great grandfather of the present emperor, ordered a general search 
to be made through the whole empire for antimony, but found none in any of 
the mines. 

XXXV 111 . On the Cause of the Different Refrangibility of the Rays of Light. 

By Mr. T. Melville, p. 261. 

In order to account for the different refrangibility of the differently-coloured 
rays, Sir Isaac Newton (Optics, Query 29), and several of his followers, have 
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supposed that their particles are of different magnitudes or densities : but if there 
be any analogy between the refractive power and gravity, it will produce equal 
velocities in all particles, whatever their magnitude or density be ; and so all sorts 
of rays would be equally bent from their right-lined direction. 

It seems therefore a more probable opinion, which others have advanced, that 
the differently-coloured rays are projected with different velocities from the lumi- 
nous body ; the red with the greatest, violet with the least, and the intermediate 
colours with intermediate degrees of velocity ; for, on this hypothesis it is mani- 
fest, that they will be differently refracted in the prismatic order, according to 
observation. 

On supposition that the different refrangibility of light arises solely from the 
different velocities of the rays before incidence, these velocities must be to each 
other nearly as their sines of refraction. 

Their velocities in any given medium, suppose air, being once determined, 
their velocities in any other may be easily discovered ; for they are to those in air 
as the sine of incidence to the sine of refraction, when the ray passes from air 
into the other medium. 

While the differently-coloured rays are supposed to move with one common 
velocity, any pulses, excited in the aethereal medium, must overtake them at 
equal distances ; and therefore the intervals of the fits of reflexion and trans- 
mission, if they arise in this manner, as Sir Isaac conjectures, would be all equal : 
but if the red move swiftest, the violet slowest, and the intermediate colours 
with intermediate velocities, it is plain that the same pulses must overtake the 
violet soonest, the other colours in their order, and last of all the red ; that is, 
the intervals of the fits must be least in the violet, and gradually greater in the 
prismatic order, agreeably to observation. 

Let c denote the velocity of the aethereal pulses, v the velocity of red light, 
and u that of violet ; i and j the intervals of their fits, and d the distance be- 
tween 2 succeeding pulses: it is plain, from the nature of Newton’s hypothesis, 
that i is to d as v to c — v : and again, d to j as c — u to u : therefore, ex aequo, 

t is to as cv — vu to cu — i n, from which we have the equation c = v 

IU-JV 

vu. Therefore, as the proportion between the intervals of the fits in red and 
violet, can be assigned by experiment, and the proportion of their velocities in 
any medium also, the velocity of the aethereal pulses may be easily computed. 
The velocities of the red and violet in air are nearly as 78 and 77. In the ce- 
lestial spaces they are less, but almost in the same proportion ; the intervals of 
their fits are by experiment as 100 and 63. Whence, by the canon now laid 
down, the velocity of the aethereal pulses in the celestial space, is found to be to 
that of red light, as 79763 to 78OOO. As light moves from the sun to us, by. 
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Dr. Bradley's accurate estimation, in 8 m 12% the pulses of the aethereal fluid 
must be propagated through the 6ame space in about 8 m I s . 

Hence also may be determined, in known measures, the distance between two 
succeeding aethereal pulses ; for d = — - — . 

On the hypothesis of the different velocities of different colours, we may un- 
derstand, at least in general, the reason of the strange analogy, discovered by 
Sir Isaac, between the intervals of the fits, and the spaees occupied by the se- 
veral colours in the spectrum (a thing hitherto unexplained *) ; since, from the 
velocities of the several rays, on which depend the intervals of the fits, as has 
been now explained, arise likewise their several degrees of refrangibility. 

But, as it is of great consequence in philosophy, to distinguish between facts 
and hypotheses, however plausible, the various refrangibility, reflexibility, and 
inflexibility, of the different colours, and their alternate dispositions, at equal 
intervals, to be reflected and transmitted, which are the whole ground-work of 
the Newtonian system, are to be considered as undoubted facts, deduced from 
experiment ; but that the velocities of different rays are different in the manner 
now described, is no more than probable conjecture: and though this point 
should be decided, by a method that we are now to propose, it would still re- 
main uncertain, whether the fits of reflexion and transmission consists in an al- 
ternate acceleration and retardation of the particles of light, or in something 
else. For instance, it might be supposed, that every particle of light has 2 con- 
trary poles, like a loadstone ; the. one of which is attracted by the . parts of bodies, 
and tlie other repelled ; and that, besides their uniform rectilineal motion, the 
particles of differently-coloured rays revolve in different periods round their 
centres; for thus their friendly and unfriendly, poles being alternately turned 
towards the surfaces of bodies, .they might be alternately disposed to reflexion 
and transmission, and that at different intervals, in proportion to the periods of 
their rotation. Lastly, though it were. proved, that the jits proceed from an al- 
ternate acceleration and retardation of the particles of light, it would still be no 
more than probable conjecture, that this is brought about by pulses excited in 
the aethereal medium. Nay there are some circumstances in these phenomena, 
that seem hardly intelligible by that hypothesis alone : as, why the intervals of 
the fits are less in denser mediums j-f- and why they .increase so fast, and in, so 
intricate a proportion, according ito the obliquity of incidence. £ 

By Dr. Bradley's beautiful theory of the aberration of light, the stars, appear to 
be removed from- their true place to. a certain distance, according »to the .propor- 
tion which the transverse motion of the spectator’s. eye hears to the velocity .of 

* Compare Newt. Opt. Book i. part i, prpp. 3, with Book ii. part 3, prop. 16 .— Orig. 
t Newt. Opt. Book ii. part 3, prop. 17.— Orig. t Poop. 15,. ibidem.— Orig. 


Digitized by ^mOoq Le 



>rOL. XLVIII.J FHILOSG'PHtCAI. TRANSACTIONS. 3Q3 

light. It is plain therefore, that on our hypothesis, any star must have a dif- 
ferent apparent plaoe for every different colour ; that is, its apparent disk must 
be drawn out by the aberration into a longitudinal form, resembling the prismatic 
•spectrum, having its red extremity nearest its mean place. In the stars situated 
■about the pole of the ecliptic, its length should continue always the same, though 
directed along all the different secondaries of the ecliptic in the. course of a year : 
but in those which lie in or near the plane of the ecliptic, it should be greatest at 
the limits of the eastern and western aberrations, the star recovering its colour 
and figure, when the true and mean places coincide. But there is no hope of 
discovering, whether our system be true or false, by this consequence of it : for 
the greatest length of the dilated disk being' to the whole aberration, as the dif- 
ference of the velocity of the red and violet to the mean velocity of light, i. e. but 
about a 77th part of it, cannot much exceed the 4th part of a second. 

The time which the extreme violet light takes in arriving from any distance to 
the eye, will be to that which the extreme red takes in coming from the same, 
as 78 to 77- If Jupiter be supposed in a quadrate aspect with the sun, in which 
position the eclipses of his satellites are most commodiously observed, his distance 
from the earth being nearly equal to his distance from the sun, light takes about 
4I m in passing from him to the earth ; therefore the last sensible violet-light, 
which the satellite reflects before its total immersion into Jupiter’s shadow, ought 
to contiriue to affect the eye for a 77th part of 41 ra ; that is, about 32* of time 
after the last sensible red light is gone. It is therefore a certain consequence of 
our hypothesis, that a satellite, seen from the earth, ought to change its colour 
about half a minute before its total immersion, from white to a livid greenish 
colour ; then into blue, and at last evanish in violet. It need hardly be ob- 
served, that the same phenomenon must take place in the time of emersion by a 
contrary succession of colours, beginning with red, and ending in white. 

If this phenomenon be perceived by astronomers, we shall have a direct proof 
of the different velocities of the differently-coloured rays, and consequently a 
mechanical account of their different degrees of reffangibility ; for he sees not, 
to what other cause such an appearance could be reasonably ascribed. If it be 
not, we may conclude, that rays of all colours are emitted from the luminous 
body with one common velocity. 

Remarks on the Preceding Paper. By Mr. Short, p. 268. 

Ever since the above paper was delivered, Mr. S. had carefully attended the 
emersions of Jupiter’s first satellite through a reflecting telescope of 4 feet focal 
length, and with a proper magnifying power ; but he had not perceived the least 
alteration in the colour of the light reflected by the satellite, except in quantity. 
It may indeed be observed, that these emersions are seen sooner or later through 
vol. x. 3 E 
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telescopes of different lengths, and by eyes of different goodness : and it may 
therefore be alleged, that there is a certain quantity of time elapsed between the 
very first emersion of the satellite, and the instant when it is perceived by the 
very best eye, assisted by the best telescope ; and that, during this interval, the 
succession of colours above-mentioned is performed. But our author, in conse- 
quence of his hypothesis, says, that this succession of colours may be perceived 
for the space of 32 s after the first emersion of the satellite ; and Mr. S. was fully 
satisfied, from repeated observations, that the quantity of time elapsed from the 
very first emersion of the satellite, till it is perceived by a good eye, assisted by a 
good telescope, can amount only to a very few seconds. So that, on the whole, 
we may conclude, that it does not appear, by the observations of the emersions 
of the first satellite of Jupiter, that the rays of different colours move with dif- 
ferent degrees of velocity. 

But our author’s conclusion, that, if the rays of light emitted from Jupiter’s 
satellites, at the time of their immersion and emersion, should not be found of 
different colours, the rays of all colours emitted from luminous bodies will have 
one common velocity, seems only to hold good, on a supposition that light is 
propagated by a continued motion, in the manner of a projectile. 

Dr. Knight, in his treatise on attraction and repulsion, prop. 69 , has con- 
sidered the propagation of light, as performed by vibrations in an elastic fluid* 
in the same manner as sound is produced by vibrations in the air : and he thinks 
that it is as easy to conceive how the velocities of the particles of light may be 
different, and yet take up equal times in propagating their motions from one to 
another through a given space, as to explain how sounds of different tones move 
with equal velocities. In accounting for both, he shows, that in a aeries of pas* 
tides, which mutually repel each other, the greater their velocity, the nearer 
they will approach each other, in communicating their motions from one to an- 
other ; and consequently each of them must move through a greater space in so 
doing ; therefore the same time may be spent in propagating a successive motion 
through a series of particles, whose velocity is greater, if each particle has to 
move through a greater space, as is spent where the velocity of each particle is 
less, but is continued through a less space. The dilemma, 'to which our author’s 
reasoning seems to have reduced the doctrine of refrangibility, may therefore be 
considered as a probable argument for adopting this hypothesis of the propagation 
of light through an elastic medium. 


XXXIX. The Case of the Operation for the Empyema , successfully performed 
by Joseph Warner, F. R. S., and Surgeon to Guy's Hospital, p. 270 . 

John Collier, aged 1 7 , was admitted into Guy’s Hospital on the 10 th of May, 
1753, on account of a complaint in his chest, which he had laboured under for 
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3 or 4 weeks. His symptoms were a continual pain in his left side, a difficulty 
in breathing, and an inability of lying on his right side* or of sitting upright, 
without greatly increasing his complaints. His pulse was quick, and low ; he 
had a shbrt cough, was a good deal emaciated, and appeared sallow in his com- 
plexion. 

On examination, Mr. W. perceived a small tumor, situated on the anterior 
part of the thorax obliquely, on the left side of the extremity of the sternum or 
breast-bone. There was not the least discoloration of the integuments. On 
pressing on the tumor, his pain and difficulty of breathing were increased, and 
there appeared something like a fluctuation under the fingers. He had never 
any rigor, which is a symptom generally attending the formation of matter; 
but from experience be had. found; that the want of this symptom is no proof of 
the contrary. 

From the foregoing circumstances, and symptoms, he had no doubt of the 
propriety of the operation, which he performed in the following manner : The 
patient being properly situated and secured, he began with making an incision of 
about 2 inches long through the integuments, and tendinous expansion of the 
dbhqoe muscles of the abdomen on the most prominent part of the tumor ; then 
he proceeded to make a 2 d incision, of an equal length with the former, trans- 
versely through the upper part of the rectus muscle, which had a perfect healthy 
appearance, directing his . knife forwards, between the cartilaginous portions of 
the 7 th and 8 th ribs, into the cavity of, the thorax ; on which a thick clotted 
matter, to the quantity of 23 oz. and upwards, was discharged. After the whole 
of the matter was discharged, he introduced the fore-finger of his right hand into 
the cavity, with which he evidently felt the lungs quite loose, and free from ad- 
hesion, the mediastinum, and superior part of the diaphragm ; which last had 
been pressed ’Somewhat lower than its. natural situation by the weight of the in- 
cumbent matter. Hence it undoubtedly appeared, that this great quantity of 
matter was contained in the cavity of the thorax. 

After the whole of the matter was discharged, he introduced a linen tent, pro- 
perly secured, into the cavity; which was continued to be introduced every day 
for about 3 weeks; now and then, as occasion required, making use of the prepared 
sponge-tent. The discharge of matter was considerable for the first week; then 
it began to decrease gradually till, at the end of 3 weeks, there was no. discharge 
at aH. From this time, superficial applications only were made use of. At the 
end of 5 weeks he was perfectly well, and soon recovered his former plumpness, 
mid healthy appearance. 

He observes, that, about 2 years before, he received a violent blow on his left 
aids by a fell ; for which he had little or no care taken of him. He had ever 
after this accident had some complaints in bis aide at times, but nqt constantly * 
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nor- have they ever been so bad, as to prevent his acting in his business as a saHor>, 
till within a few weeks before he applied to Mr. W. 

XL. On Infinite Series and Logarithms. By Mr. James Dodson. p^ 273 . 

The terms of one of the most simple series, for expressing the logarithm of at 
given number, is composed of the powers of the excess of that number above 
unity, divided by their respective indices; of which the 1st, 3d, 5th, &c. terms 
are affirmative, and the 2d* 4th, 6 th, &c. terms are negative ; and the differ- 
ence between the sums of the affirmative and the negative terms, is the Neperian;. 
hyperbolic, or as 6 ome call it, the natural logarithm of the given number. 

Now a mathematician, who understands the nature and management of series,, 
though wholly ignorant of fluxions, or what Dr. Halley, in his investigation 
of this very series, published in N° 21 6 of the Philos. Trans, calls ratiuncuhe; 
&c.) might arrive at the same conclusion, in the following manner: 

Since the logarithm of 1 is universally determined to be nothing; that of 2 , 
3, 4, 10, or any other number, considered as a root, is 1 ; that of 4, Q, 16 ; 
100 , &c. considered as the square of that root, is 2 , and so on it follows, that 
in all cases the logarithm of a greater number will exceed that of its less; and eadh 
logarithm will have some relation to the excess of its number. above unity, the 
number whose logarithm is nothing: the terms of the series therefore which 
will represent the logarithm of any number, will consist of the powers of the 
excess of that number, above 1 , with some, yet unknown, but oonstant cot 
efficients. 

That the logarithm of the square of any number is twice the logarithm of its 
root, is a well-known property of those artificial numbers ; and therefore the 
doubles of the particular terms of the assumed series will constitute a series ex- 
pressing the logarithm of the square of the given number. But by prop. 4, 
book 2 of Euclid, the square of any quantity is equal the sum of the squares of 
its 2 parts, plus a double rectangle of those parts ; which, in this case (where 
the given number has been assumed to consist of J and an excess), will be 1 plus., 
twice that excess, plus the square of it. 

If therefore the several powers of the compound quantity (twice the excess of 
the given number above 1 plus its square) be multiplied by the above assumed co 
efficients, and afterwards ranged under each other, according to the powers, of 
the said excess, their sums will again express the logarithm of the square of the 
given number. 

Now since the logarithm of the square of the given number may be thua ex- 
pressed by 2 infinite series, each constituted of its excess above 1 , ambits powers ; 
it follows, that the co-efficients of the like powers of that excess, in each series^ 
will be equal between themselves ; and consequently the values of the unknown 
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coefficients may lie obtained, by simple equations.; arid these co-efficients will, 
by the process annexed, appear to be the reciprocals of the; several indexes of the 
powers of that excess,, affected alternately with' the signs + and —> as was- before 
found, by the quadrature of the hyperbola* and. by Dr. Halley in the above- 
cited Phil;. Trans., and by mahy who. have used a fluxional process. 

But there is another logarithmie series, equally simple with the former; con-* 
sisting of the same terms, but all affirmative.. This has been demonstrated tot 
be- the logarithm of that fraction, whose numerator is unity, and denominator a. 
number as much less than unity, as the former, number exceeded iti- Now. if an 
infinite series be formed from that fraction, by actual division, it will consist of unity: 
and all the powers of that defect ;. and. if the several powers of the excess of this 
infinite series above- unity, be multiplied by the co-efficients above found, an<t 
ranged according to the powers of that defect, their sums will exhibit the above- 
described' series for the logarithms of that fraction, as appears by the operation) 
subjoined. 

. Secondly, the terms of one of the best-series, for- the rectification of the circle;, 
are composed of the odd powers of the tangent of any arc, not exceeding 46°" v 
severally divided by their respective indexes; of which, the 1st, 3d, 5th; fee- 
terms are affirmative; and the 2d, 4th, 6tb, fee- terms are negative; and the 
difference between the suqia of the affirmative and negative terms, is the. length* 
of. that arc, of which the tangent and. its powers constitute the series.. 

Now a mathematician, who understands the nature and management of series,, 
though wholly, ignorant of fluxions, might investigatethis series in, the following- 
manner:. It has been geometrically demonstrated that,', the Radius of a circle- 
being unity, if double, the tangent of any arc, be divided by the diffidence be- 
tween. unity and the square of that tangent, the -quotient will be; the tangent of 
twice the arc. Now if an infinite series he formed by actual division, its terms; 
will consist of the doubles of the add powers of the tangent; and will be all affir- 
mative ; which (series will express the length of the tangent of the doublaof that. 
arc whose tangqnt and its powers constitute the same. 

If a . series, consisting of the tangent and its powers, . with unknown - co-effi- 
cients;. be assumed*, as in the former case, to. express the length ofthe arc ; , them 
the length of double that arc may be expressed 2 ways vie. .either by multiplying 
each, term of the series assumed ' by the number 2- ; • oar by finding the powers of 
the series above described, which exhibits, the length ofthe -tangent of the doable 
are, multiplying each power by its proper co-efficient, ranging the products under 
each other, according to the powers ofthe tangent of the single arc, .and finding • 
their sum. Now, since the length of the- double arc rt»ay be; thus expressed by 2; 
infinite series, each constituted pfthe.tarigent pf the jsingle~are and., its powers ; , 
therefore the co-efficients of . the like powers of that tangent, in each series, willi 
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be equal between themselves ; and consequently the values of the unknown co- 
efficients may be obtained by simple equations. 

Lastly, since the series, which gives the length of the tangent of the double 
arc, consists only of the odd powers of the tangent of the single arc, therefore 
none of its even powers can range with it : now these will not occur in the odd 
powers of that series * and therefore the series assumed to express the length of 
the single arc, 'whose double is to be c o mpared with the sum of the former, must 
consist only of the odd powers of that tangent ; and then the series first men- 
tioned results from the operation, as will appear by examining the same, as 
hereto annexed. 

The operation necessary to find the co-efficients of a series, which wifi express 
the logarithm of a given' number, is as below. 

If the given number be represented by 1 + n, then the following series may 
be assumed to represent its logarithm : 
viz. n -f- xn a + yn 3 + zn * + un * + 

and 2n + 2m* 4. 2yn 3 4* 2zn 4 + 2un* + &c. will represent the logarithm of 
the square of that number ; viz. of 1 -f- 2n 4- «n. 

But, because 2n 4* «» is the excess of 1 4" 4* **» Above unity, therefore its 

logarithm will be also expressed by 

1 ?n 4- nn) + * (®n + nn Y + y (2n -j- nn)* + z (2n + nn) 4 &c. 

Now (2n 4" rm ) i = 4nn + 4n* 4- n 4 

(2n 4- ««) 3 ss 8n“ 4- 12n 4 4- 6n 5 + &c. 

( 2 n 4- nn) 4 l6n 4 4* 82n’ 4- &e. 

(2n 4- nn)* as flan 1 4* &c. ! 

Therefore, 

2 n + nn ses an 4* Wri 
x (an + nn)’ as 4xrm 4* 4am 3 4- 

y (an + nn) 3 = flyn* 4" My* 4 4* 6yn* 4- See. 

% (an + nn) 4 =s l6zn 4 + 32z» 5 -f- &c. 

« (an 4- nn)* = 3 atm 5 4- &c. 

And the sum of these ® equal to the log arith m of the square of 1 4* «• 

If an equation be formed, of the co-efficients of » 9 , in each of these expres- 
sions of the logarithm of that squarie, then 2 x = 1 4- Ax ; hence — 4 s x. 

And, by proceeding in the same manner with the co-efficients of n*, n 4 , n*, &c. 
and supplying the places of x, y, z, itc. as they arise, by the numbers so found, 
we shall have 

2y= — k4-%» hence 4- + say; 

- 2z = - 4 4 y 4- 1 1 ®*; hence — 4 = z ; 

2u ss 4 - v+ 32tl; hence 4* 4 = «$ 
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Consequently, the logarithm of 1 + n will be expressed by n — 4. »* 4, 4. «»-* 
4-n 4 + 4 «*, &c. as above asserted. 

Again, since ^ m _ n — 1 + n + n* + n® -f* » 4 + n s + Sco. as appears by actual 

division. And, since the excess of that series above unity, is the series 
n + n 2 + n? + » 4 &e. 

Therefore the logarithm of ^ will consist of the sums of the powers of that 
senes, multiplied by the above-found co-efficients -J-, — 4-, + 4., — -b -h 4-, & c. 


Now the 
And, 


t 


* 8 . 


>1 

ll * 


n* -f 2n® + 3 n* + 4n s , &c. 
n® + 3n 4 + 6n s , & c. 
n* + An*, See. 
»*, &c. 


n 

++{ 


iJ- 


'S 


£ 

•3 

* 

I 

£ 


n - f- ra 2 n* + n* + » 5 , Sc c. 


. + „« . .. . ... __ 

— 4 -n — 4-n 5 — -Jn 4 — 4-n 5 , &c. 

+ 4- n * + 4-n 4 + -fn 5 , &c. 

— 4 -re 4 — -fn 4 , See. 

+ 4-» s , Sec. 

The sums of which, viz. n + 471* + i» s + in 4 + i»‘, Sec. will be the loga- 
rithm of as above affirmed. 

The operation necessary to find the co-efficients of a series, which will express 
the length of the arc of a circle, by the tangent of that arc, and its powers, is as 
follows : 

Let a represent the length of the arc, and t its tangent ; then the tangent of 
that arc whose length is 2 a, will be — —; which fraction is equal to the infinite 

series, 2 1 + 2*® + 2t* ■+■ 2U 7 + 2e®, &c. by division. And by performing the 
necessary multiplications, or divisions, it will also appear, that 

os 

8 <® + 24 1 * + 48C 1 + 8CM®, jkc. 


<~) 3 = 
M — it' 


(— 2£ — )* ; 

'1 - tt ' 

V 1 - W 

(-— )* = 
V 1 — 


32C 5 + l60/ 7 + ASOt 9 , Sec. 

128/ 1 + 896c®, &c. 

512<®, See. 

Now if we assume, for the value of a, the following series, t + xt 3 + yt 5 -J- 
•z* 1 + ut 9 . See. . Then 2/ -f 2xt 3 + 2 yi s + 2zd + 2 ut 9 , 8cc. = 2a. 

And because is the tangent of the arc whose length i$ 2a, therefore 


i~Tt +*& + y (r^) s + z & &c * = 
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Which expression is -equivalent to the sum of the following series ; for 
t + 2l 3 + 21* + 2 t 7 + 21°, &C, 

x (r——) 3 — 8ar/* -f- 24x1* + AQxL 1 + 80a’t®, &C. 

y (j^^) 5 32yi s + \QOyt 7 + 480y», £c. •! 

Zij— fas 128z*> + 8fif6zt 9 , &C. 

u (~7 t ) 9 = 512m<®, &c. 

And, by making, an equation "between 2x, the co-efficient of 0 m the first 
found value of 2a, .and 2 -f- Bx', the sum of the co-efficients of /* intlte latter, 
give#2r-= 2 + 8ar; hence — = x- 

And by proceeding in the same manner with the co-efficients Of t $ , t 1 , t 9 , &c. 
and supplying the places of x, y, z, &c. as they arise, by the numbers so found, 
•we shall have ' . 


2y-2- ?+32y; 

hence y = + p. 

2z — 2 — y -f— +J28z; 

hence z = — -f. 

2u = 2 — £ + ^ + 512m; 

hence u = 4- £. 


Therefore we may conclude that i — -J- t 8 + -J- P — -f # + t 9 , &c. == a. 

When theprc is just 45 degrees, then t = 1, and the series becomes .}- — -f- 

which converges exceedingly slow ; bat, by the assistance of a 
method, given in the appendix to M. de Moivre’s Miscellanea Analytical it may 
be transformed to another, converging quicker ; which method is applied to this 
very series, in folio 362 of the Mathematical Repository, vol. i. 


XL I. A Letter from John Lining, M. D. of Charlestown, South-Carolina, con- 
cerning the Quantity of Rain fallen there from Jah. 1738, to Dec. 1752. 
p. 284. 


As there are thunder-gusts here in the Months, The Means, 
hot months, in which a vast quantity of jg n &c ' < 2,326 
rain falls, the depth of the rain in these Feb. ..... 3.38 9 

months is greatly increased; for there 
is very little rain, excepting in thunder- 
showers. Thus, on June 30, 1750, in 
a thunder-storm, there fell, in 24 hours, 

5.335 inches of rain. On September 
16, 1751,' there fell, in 24 hours (but 
inches of rain. 


Months, The Means. 

kc. 


March . . . 3.024 

April .... 1.721 

May 3.655 

June 5.000 

July 6.149 

Aug 7.530 

Sept. 6.343 


Oct 

Nov 

Dec 

Spring . . 
Summer 
Autumn 
Winter • 


3.049 

2.229 

3.684 

8.068 

14.804 

16.913 

8.340 


Total Depth 48.023 

the greatest part in 6 hours) 9.955 
On Sept. 15, 1752, during the time of the most violent hurri- 
cane that was ever felt in this town, the depth of rain which fell, was only 3.740 
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inches, and the greatest part of that was the spray of the sea. And the mean 
quantity for each mouth of the aforesaid 15 years, is as in the margin annexed. 

XL1I. On the Fossil found at Dudley in Staffordshire , and described in the Phil. 

Trans. N° 496. By Mr. Emanuel Mendez da Costa, F. R. S. p. 286. 

The famous fossil, which Dr. Lyttelton showed to the r. s. some time ago from . 
Dudley, and which is described in N° 496 of the Trans, caused many arguments 
as to what class of animals it belonged. Dr. Pococke afterwards produced 2 or 3 
specimens of it extended, which proved it to be of the crustaceous tribe of ani- 
mals. But none of his specimens being very perfect, M. da Costa here sends 
a fair specimen of the said fossil extended, from the iron mines at Colnbrook-dale 
in Shropshire, and which determines him to pronounce it to be the remains of a 
crustaceous animal, of that kind called pediculi marini, which are scaled all 
round, and can at will roll themselves up : and this particular kind may be justly 
denominated pediculus marinus major trilobos. See fig. 8, pi. 9. 

Though he before thought it not described by any English author, yet he find* 
it described and figured, though badly, by Mr. Edw. Lhuyd, in his Lithophy- 
lacium Britannicum Ichnographicum, Epist. 1 , p. 96, table 22 ; who found them 
in plenty in quarries, juxta aedes nob. v. D. Gryfidii Rice de Newton, arm. prope 
oppidum Sancti Teilavii, in comitatu Mariduniae. He calls it buglossa curta 
strigosa. He also gives the figure of it without any description, in the’PhiL 
Trans. N° 243. 

XL1I1. Letters relating to a Theorem of Mr. Euler, of the Royal Acad, of Sci- 
ences at Berlin, and F.R.S. for Correcting the Aberrations in the’ Object- 
Glasses of Refracting Telescopes, p. 287- 

Letter I. From Mr. James Short, F.R.S. to Peter Daval, Esq. F.R.S. Dated 

April 9, 1752. p. 287. 

There is published, in the Memoirs of the Royal Acad, at Berlin, for the year 
1747, a theorem by Mr. Euler, in which he shows a method of making object- 
glasses of telescopes, in such a manner, as not to be affected by the aberrations 
arising from the different refrangibility of the rays of light ; these object-glasses 
consisting of two meniscus lenses, with water between them. 

Mr. John Dollond, who is an excellent analyst and optician, has examined 
the said theorem, and has discovered a mistake in it, which arises by assuming 
an hypothesis contrary to the established principles of optics ; and in consequence 
of this Mr. Dollond has sent me the inclosed letter, which contains the disco- 
very of the said mistake, and a demonstration of it. 

In order to act in the most candid manner with Mr. Euler, I have proposed 
vol. x. 3 F 
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to Mr. Dollond to write to him, showing him the mistake, and desiring to know 
his reasons for that hypothesis ; and therefore I desire, that this letter of Mr. 
Dollond’s to me may be kept among the Society’s papers, till Mr. Euler has had 
a sufficient time to answer Mr. Dollond’s letter to him. 


Letter II. From Mr. John Dollond to James Short , A. M-, F.R.S. concerning 

d Mistake in M. Eulers Theorem for Correcting the Aberrations in the Object* 

glasses of Refracting Telescopes . Dated March 11, 1752. p. 2SQ. 

The famous experiments of the prism, first tried by Sir Isaac Newton, suffi- 
ciently convinced that great man, that the perfection of telescopes was impeded 
by the different refrangibility of the rays of light, and not by the spherical figure- 
of the glasses, as the common notion had been till that time; which put the 
philosopher on grinding concave metals, in order to come at that by reflexion, 
which he despaired of obtaining by refraction. For, that he was satisfied of the 
impossibility of correcting the aberration by a multiplicity of refractions, appears 
by his own words, in his treatise of Light and Colours, Book i. part 2, prop. 3. 
« I found moreover, that when light goes out of air through several contiguous 
mediums, as through water and glass, as often as by contrary refractions it is so 
corrected, that it emerges, in lines parallel to those in which it was incident, con- 
tinues ever after to be white. But if the emergent rays be inclined to the inci- 
dent, the whiteness of the emerging light will by degrees, in passing on from the 
place of emergence, becomes tinged in its edges with colours.” 

It is therefore somewhat strange, that any person should now attempt to do 
that, which so long ago has been demonstrated impossible. But, as so great a 
mathematician as Mr. Euler has lately published a theorem * for making object- 
glasses, that should be free from the aberration arising from the different refran- 
gibility of light, the subject deserves a particular consideration. I have there- 
fore carefully examined every step of his algebraic reasoning, which I have found 
strictly true in every part. But a certain hypothesis in p. 285 appears to be des- 
titute of support either from reason or experiment, though it be there laid down 
as the foundation of the whole fabrie. This gentleman puts m : 1 for the ratio 
of refraction out of air into glass of the mean refrangible rays, and m : 1 for that 
ef the least refrangible. Also for the ratio of refraction out of air into water of 
the mean refrangible rays he puts « : 1, and for the least refrangible n : 1. As 
to the numbers, he makes m = -H, m = -14, and n = which so far answer 
well enough to experiments. But the difficulty consists in finding the value of n 
hi a true proportion to the rest. 

Here the author introduces the supposition above-mentioned ; which is,, that 


• Vide Memeirss of tie &oyal Acad, of Berlin for (be great 1747 ^>ig. 
1 
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m is the same power of M, as n is of n; and therefore puts n — m‘, and n — m*. 
Whereas, by all the experiments that have hitherto been made, the proportion 
will come out thus, m — 1 in — 1 n m — m : « — n. 

The letters fixed on by Mr. Euler, to represent the radii of the 4 refracting 
surfaces of his compound object-glass, are f, g, h, k, and the distance of the 
object he expresses by a ; then will the focal distance be = 

“71 — t\T — 71 — 171 — T \ — T irrr Now, says he, it is evident, that the different 

refrangibility of the rays would make no alteration, either in the place of the 
image, or in its magnitude, if it were possible to determine the radii of the four 
surfaces, so as to have n (-^ — i) + m ^ + i — i) = n (f — i) + m (f — 
f -|- -J- — -f). And this I shall readily .grant. But when the surfaces are thus 
proportioned, the sum of the refractions will be = 0; that is to say, the emer- 
gent rays will be parallel to the incident. For, if n — 4-) + m (4 — -*■ *4- 4- — b) 

= N (t “ i) + M (t — i + i — i)> then n — N(f — i)+m — m(| — f + 
f — ■£) = 0. Also if n — n im — m :: n — 1 : tn— 1, then n — 1 (■*• — m — 1 

{jr — i + i — i) = Os <> r otherwise » (t — *)+»»(/— t + i — i> “/ + 
-i- = O; which reduces the denominator of the fraction expressing the focal dis- 
tance to -J-. Hence the focal distance will be = a; or, in other words, the image 
will be the object itself. And as, in this case, there will be no refraction, it will 
be easy to conceive how there should be ho aberration. 

And now Sir I think I have demonstrated, that Mr. Euler’s theorem is entirely 
founded on a new law of refraction of his own ; but that, according to the laws 
discovered by experiment, the aberration arising from the different refrangibility 
of . light at the object-glass, cannot be corrected by any number of refractions 
whatever. 

• Letter III.* From Mr. Euler to Mr. James Short , F.R. 8 . Dated Berlin , 

June \Q, 1JT52. p. 292. 

Mons. 

Vous m’avez fait un tres sensible plaisir, en ayant dispose M. Dollond de re- 
mettre la proposition de ses objections contre mes verres objectifs, jusqu’ & ce que 
j’y aurois repondu, et je vous en suis infiniment oblige. Je prends done la lj- 
berte de vous addresser ma reponse & lui, en vous priant, apres l’avoir daignee de 
votre examen, de la vouloir bien lui remettre : et en cas que vous' jugiez cette 
matiere digne de l’attention de la Society Royale, je vous prierois de lui commu- 
niquer les preuves detaillles de ma theorie, que j’ai exposde dans cette lettre. 
Cependant j’espere, que M. Dollond en sera satisfait, puisque je tombe d’accord 

* As these letters are on nice controversial matters, it is considered safer and more satisfactoxy to 
give them in their original language. 

3 F 2 
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avec lui du peu de succes, qu’on sauroit se promettre de mes objectifs, en les 
travaillaut selon la maniere ordinaire. 

Letter IF. From M. Euler to Mr. Dollond. Dated Berlin, June 15, 1752.' 

p. 293 . 

Etant tres sensible a l’honneur que vous me faites, au sujet des verres objectifs, 
que j’avois propose, j’ai celui de vous marquer d’abord ingenumen, que j’ai ren- 
contre aussi ici les plus grands obstacles dans 1’execution de ce dessein, vu qu’il 
s’agit de quatre faces, qui doivent etre travaillees exactement selon les proportions 
que j’avois trouvees: cependant ayant fait les experiences sur quelquesuns, qui 
parurent le mieux reussi, nous avons trouve, que l’intervalle entre les deux foyers 
des rayons rouges et violets etoit beaucoup plus petit, qu’il ne seroit d’nn verre 
simple de la meme distance focale. Neant-moins je dois avoiier, qu’un tel verre, 
quand meme il bien seroit parfaitement execute sur mes principes, auroit d’autres 
defauts, qui le rqettroient au dessous meme des verres ordinaires; e’est qu’un tel 
verre n’admet qu’un tres petite ouverture en consequence des grandes courbures, 
qu’on doit donner aux faces interieures : desorte que lorsqu’on donne une ouver- 
ture ordinaire, l’image devient tres confus. 

Ainsi puisque vous vous etes donn£ la peine, monsieur, d’executer de tels 
verres, en en faisant des experiences,* je vous prie de bien distinguer les defauts, 
qui peuvent naitre de la diverse refrangibilite des rayons, de ceux, qui viennent 
d’une trop grande ouverture : pour cet efFet vous n’aurez qu’a. laisser une tres pe^ 
tite ouverture. 

Or si ma theorie etoit juste, dont j’aurai bientot l’honneur de parler, il seroit 
moyen de remedier i ce defaut; il faudroit renoncer 4 la figure spherique qu’on 
donne ordinairement aux faces des verres, et tacher de leur donner une autre 
figure, et j’ai remarque que la figure d’une parabole leur procureroit l’avantage, 
qu’ils admettroient une ouverture tres considerable. Notre savant M. Lieberkuhn 
s’est applique & travailler des verres dont la courbure des faces decroit depuis le 
milieu vers le bords, et il s’en est aperqu de tres grands avantages. Par ces rai- 
sons je crois, que ma theorie ne souffre encore rien de ce cot&. 

Pour la theorie, je conviens avec vous, monsieur, que posant la raport de re- 
fraction d’un milieu dans un autre quelconque pour les rayons moyens comme m 
it 1, et pour les rayons rouges comme Mil, la raison de m — Mint — 1 sera 
toujours si i peu pres constant, qu’elle satisfera & toutes les experiences, comme 
la grand Newton a remarqu£. Cette raison ne differe non plus de ma theorie 
que presque imperceptiblement; car puisque je soutiens que M = m’, et que »» 

* Mr. Dollond, in his letter to Mr. Euler, here referred to, does not say that he had made any 
trials himself, but only he bad understood that such had been made by others, without success. — Orig. 
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differe ordinairement fort peu de l’unitd, soit m = 1 + u ; et puisque m = m*= 

1 -I - * Im k peu pres, et / (l + “) — lm= u, aussi fort & peu pres, j’aurai m - 
M = 1 4-a-l - au= (I -a)a, et m - 1 = «, done la raison — ~ ^-7 sera = 1 — a, 

' * m — 1 ’ 

ou fort i peu pres constante. Dela je concluds, que les experiences d’ou le grand 
Newton a tire son raport, ne sauroient etre contraires & ma theorie. 

En second lieu, je conviens aussi que si la raison ■ — ■■■ ” ' = constant etoit 

juste & la rigueur, il n’y auroit plus moyen de remedier au defaut qui resulte de 
la diverse refrangibilite des rayons, de quelque maniere qu’on disposeroit -divers 
milieux transparens, et que l’intervalle entre les divers foyers tiendroit toujours un 
raport constant it la distance focale entiere du verre. Mais c’est precisement eette 
consideration, qui me fournit le plus fort argument: l’oeil me paroit une telle 
machine dioptrique parfaite, qui ne se ressent en aucune maniere de la diverse 
refrangibilite des rayons: quelque petite que soit sa distance -focale, sa sensibilite 
estsi grande, que les divers foyers, s’il yen avoit, ne manqueroient pas de troubler 
tres considerablement la vision. Or il est bien certain, qu’un eeil bien constitu£ 
ne sent point l’effet de la diverse refrangibilite. 

La structure merveilleux de 1’oeil, et les diverses humeurs, dont il est compose* 
me confirme infiniment dans ce sentiment. Car s’il s’agissoit seulement de pro- 
duce une representation sur le fond de l’oeil, une seule humeur auroit 6te suffi- 
sante; et le createur n’y auroit pas surement employe plusieurs. Dela je concluds, 
qu’il est possible d’ aneantir l’effet de la diverse refrangibilite des rayons par une 
juste arrangement de plusieurs milieux transparens, done puisque cela ne seroit 
pas possible, si la formule = constant etoit vraye k la rigueur, j’en tire la 

consequence qu’elle n’est pas parfaitement conforme it la nature. 

Mais voila une preuve directe de ma these: je conqois divers milieux trans- 
parens, a, b, c, d, e, etc. qui different entr’eux £galement par raport k leur den- 
site optique: desorte que la raison de refraction de chacun dans le suivant soit le 
meme. Soit done dan6 le passage du premier dans le second la raison de refrac- 
tion pour les rayons rouges — r : 1, et pour les violets = v : J ; qui sera la meme 
dans le passage du second dans le troisieme, de celuicy dans le quatrierae, du 
quatrieme dans le cinquieme, et ainsi de suite. Deli il est clair, que clans le 
passage du premier dans le troisieme sera = r 2 : 1 pour les rayons rouges, et ==. 
t/ a : 1 pour les violets : de meme dans le passage du premier dans le quatrieme les 
raisons seront r 3 : 1 et v 3 : 1 . 

Done si dans le passage dans un milieu quelconque la raison de refraction des 
rayons rouges est = r" : 1 , celle des rayons violets sera = u" : 1 ; tout cela est 
parfaitement conforme aux principes du grand Newton. Posons r* = r, et v n = 
v, desorte que b : 1, et v : 1 expriment les raisons de refraction des rayons rouges 
et violets dans un passage quelconque: et ayant nlr = Ir, et nlv = /v, nous 
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aurons Ir : lr = /v : /t>, ou ~ Ou bien mettes v = r', et & cause de /v = 

«/,• on aura (-*= ou /r = «/k, et partant v = b', 

Voilil done le fondement du principe, que j’ai employd dans ma piece, qui me 
•paroit encore inebranlable; cependant j’en soumets la decision k 1’ illustre Society 
Royale, et & votre jugement en particulier, ayant l’honneur d’etre avec la plus 
.parfaite consideration, Monsieur, &c. &c. 

XI JF. A remarkable Case of Fragility , Flexibility, and Dissolution, of the 
Bones. By John Pringle, M.D., F.R.S. p.297* 

Mary Hayes, of Stoke-Holy-Cross, near Norwich, gave the following account, 
-June 21, 1752. That she was bom Jan. 1 1, 1718, and never married, nor was 
.addicted to any kind of intemperance; that her father was unhealthy a great 
«part -of his life, but she knew not what disease he was subject to; that her mo- 
ther died when she was a child; but she did not remember having ever heard of 
her being unhealthy; that she herself was always considered as a healthy strong 
girl, till about 15 years of age; then fell into the green-sickness, and took, va- 
rious medicines, to no purpose ; that this disease, as far as she could recollect, 
was all she had to complain of; doing the ordinary work in a farmer’s house, till 
♦October 1746; she then was seized with pain universally, attended with feverish 
symptoms. Thus She continued some weeks; after which the pain was chiefly 
confined to her thighs and legs, but not increased by external pressure. In Sep- 
tember 1749, she broke her leg, as she was walking from the bed to her chair, 
without falling down, and heard the bones snap. The fracture was properly 
treated, and regard had to her disposition; but no callus was generated, the 
bones growing flexible from the knee to the ancle in a few months, as did those 
of her other leg. Soon after, those of her thighs were visibly affected in like 
manner. Both legs and thighs then became very oedematous, and subject to 
excoriate, discharging a thin yellow ichor. The winter after breaking her leg, 
, s he had symptoms of the scurvy, and bled much at the gums. 

Many eminent physicians, who were of opinion that this disease of the bones 
might arise from acidity abounding in the blood, prescribed for ha-, but without 
effect; unless the regularity of her menstruation for the last 18 months may be 
attributed to a chalybeate medicine; though medicines of that nature had no 
such effect formerly, when she was in a condition to take exercise, and regularly 
persisted in the use of them. 

For 6ome considerable time past she had found little alteration in her com- 
plaints iu general; thought her appetite and digestion rather better, but that the 
difficulty of breathing, which she had long laboured undo-, gradually increased; 
and the thorax appeared so much straitened, as necessarily impeded the expan- 
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sion of the lungs. Her spine became much distorted; any motion of the ver<- 
tebrae of her loins gave extreme pain ; and her thighs and legs were become en- 
tirely useless; which wholly confined her to her bed, in a sitting posture: and 
. the bones she rested on, having lost their solidity, were much spread. Also the 
ends of her fingers and thumbs, by frequent endeavours to lift herself up for 
ease, became very broad and flat. Then she measured but 4 feet ; though, be- 
fore this disease came on her, she was about 54- feet high, and well shaped. 

This is the best information that could be obtained from her own mouth, and 
what was observed in the case before, and at the first-mentioned time, when she 
readily consented to the examination of her body, &c. after death. 

From that time to her death, which happened Feb'. 0, 1753, the chief thing 
she complained of, and what the people about her observed, was a gradual in- 
crease of difficulty of breathing; a wasting of her flesh ; a cessation of her men- 
struation for the last 4 months; a tendency in her legs to mortify, which had 
long been anasarcous, and excoriated almost all over; she retaining her senses 
perfectly to the last moment of her life, and dying without showing the least . 
signs of the agonies of death. 

Two days after death, her limbs being first well stretched out, she was exactly 
measured, and found wanting of her natural stature more than 2 feet 2 inches. 
Then the thorax and abdomen were opened, the sternum being entirely removed, 
with part of the ribs, in order to gain at once a full view of those cavities, and 
discover how the viscera there contained had obstructed each other in their re- 
spective functions. The heart and lungs were sound, but flaccid, and much 
confined in their motion; to which the enormous size of the liver contributed in 
some measure, extending quite across the abdomen, and bearing hard against 
the diaphragm. The lungs did not adhere to the pleura: nor was the liver scir- 
rhous, but faulty only in its bulk. The mesentery was sound, except only one 
large scirrhous gland on it. The spleen extremely small. Nothing else was. 
found observable in those cavities. 

The skull was not opened, to examine the brain, as intended, through want 
of time; the minister waiting at church for interment', and the relations becom- 
ing impatient; but the operators had no reason to suspect any defect there, from 
any previous complaint. 

All her bones were more or less affected, and scarcely any would resist the 
Tcnife; those of the head, thorax, spine, and pelvis, nearly to the same degree 
of softness ; those of the lower extremities much more dissolved than those of 
the upper, or of any other part. They were cut quite through their whole 
length, without turning the edge of the knife, and much less resistance was found, 
than firm muscular flesh would have made; being changed into a kind of paren- 
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chymous substance, like soft dark coloured liver, only meeting here and there 
with bony laminae, thin as an egg-shell. 

Those bones were most dissolved which, in their natural state, were most 
compact, and contained most marrow in their cavities; and the heads of them 
were least dissolved. This perhaps is the more worthy observation, as it held 
good throughout, and looks as if the wonderful change they had undergone 
might be caused by the marrow having acquired a dissolving quality ; for it was 
evident that the dissolution began withinside, from the bony laminae remaining 
here and tliere on the outside, and no where else, and the pain not being in- 
creased at first by external pressure. 

The periosteum was thicker than ordinary: the cartilages rather thinner; but 
no where in a state of dissolution like the bones. The day after this examina- 
tion, some of the whole substance of the leg and thigh bones, that was entirely 
dissolved into a kind of pulp, was sent to an ingenious chemist; and, by the 
experiments which he made, he said he could discover neither acid nor alkali 
prevailing in it. 

XLV. Astronomical Observations made in Surry-street, London. By J. Bevis, 
M. D. t and James Short, A. M., F. R. S. p. 301. 

Eclipse of Venus by the moon, apparent time, July 26, 1753. 
jgh qm i7« Venus totally hid by the moon. , 

17 5 6. . Her northern cusp emerged; and, a few seconds after, her 

southern one. 

5 31. .Venus was totally emerged. All these with a reflector of 2 feet focus. 

Then her diameter was found to be 324*, with a new kind of 
micrometer; and also with one of Mr. Graham's sort, in a 2 
feet Gregorian reflector. 

Eclipse of Mars by the moon, Aug. 20. 

17 6 494- The moon’s consequent limb passed the meridian. 

8 4. . Mars’s centre passed the meridian. 

His diameter then, with both micrometers, 134*. 

The moon's diameter 3l' 21*.' 

18 6 594 Mars totally hid by the moon with a reflector of 4 feet focus. 

Oceultation of (3 Capricorni by the moon, Oct. 5. 

■J 16 50. . The moon’s preceding limb passed the meridian. 

20 4. . A small star, which preceded ( 3 , passed the meridian. 

20 ] 9. . p passed the meridian. 

Presently after, the moon’s diameter was found to be 29' 48*, 
with the new micrometer, applied to a reflector of 2 feet focus. 
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■8 h 2l m 3* The small star eclipsed by the moon. 

28 48. . (3 eclipsed by the moon. 

g 48 24. . p emerged from the moon. 

Eclipse of the sun, Oct. 25. 

20 30 10 .. The eclipse had been some time begun ; but, for clouds, could 

not be seen till now ; when the distance between the cusps, 
measured with the new micrometer, applied to a 2 feet reflector, 
was 12' 2 6 y. 

$1 15 23. . The distance between the cusps 2Q' 4Q". 

18 6. . The distance between the visible limbs of the sun and moon 1 l' 32'. 

22 18 5 6. . The distance between the cusps 24' 12-j-'. 

The day before, about 10 in the morning, the sun’s horizontal diameter was 
32' 1?'. 

These measures were all taken when the sun continued visible but for a few 
seconds, through the interstices of flying clouds; and yet from the nature of this 
micrometer, they may be very safely relied on: though it would have been im- 
possible to have catched any one of them with the common micrometer. 

The principle on which this most excellent instrument is constructed, was laid 
before this Society last May: and it is to be hoped that Mr. Dollond will evince' 
the certainty of its measurements, from the least to the greatest angle it is capable 
of comprehending; and that, under every consideration of reflexion as well as 
refraction by spherical surfaces; so as to leave no room for such objections or 
cavils, as otherwise may probably be brought against it. ' For our own parts, we 
are fully satisfied of the justness of it, from a great variety of trials and compa- 
risons. That which we have hitherto used, is the first that has been made of 
the kind: and might perhaps have been better constructed in some respects, 
though in nothing material. 

Applied to a reflector of only 2 feet, the scale is as large as the common mi- 
crometer can have in a 40-foot refractor; and all is done without the help of 
screws or wires; so that there is no need of illuminating. In virtue of such a 
scale it is, that even fractions of seconds may be depended on: as we have found, 
by often repeated trials on the diameters of the planets. These, as well as small 
distances of stars, may be measured in all directions, with equal and almost 
incredible facility, without a polar axis; as well out of doors, in a rough wind, 
as within. 

XL VI- Concerning a Cluster- Polype,* found in the Sea near the Coast of 
Greenland. By Mr. John Ellis, p. 305. 

This marine production, sent him by Mr. Collinson, appears to be an animat, 

* Vorticetk » encrinus. I -inn . Pennatvla tncrinw. Lino. Gmel. 
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not a vegetable, being a species of cluster-polype, consisting of many bodies 
united at one common base. This specimen appears to have 23 distinct ones; 
lie saw another, that was taken at the same time, that had between 30 and 40. 
Each body is furnished at the top with 8 arms or tentacula, which expand them- 
selves in the form of a star. Each arm is again furnished on each side with a 
row of small fibres, which seem to do the office of fingers. In the centre of 
the 8 arms appears the mouth, surrounded by 6 little semicircular lips standing 
upright. 

On dissecting one of the bodies lengthwise, it appeared to consist of a strong 
muscle, contracted into little waves or wrinkles. In the little cavities of these 
are sundry small seed-like particles, perhaps the spawn of the animal: when 
magnified, they appeared of a spherical form, a little compressed. To the centre 
of the base, where the cluster of polypes unite, and make one body, there 
grows a four-square bony stem of 6 feet long, having 4 grooves, one on each 
side. At the joining to the fleshy part, the bony stem is very small, and a little 
twisted, like the turn of a screw, extending a membrane like a bladder, for 
about 2 or 3 inches in length, and nearly an inch in breadth, from the fleshy part 
downwards. The membrane then begins to close insensibly, and becomes a cuti- 
eular covering to the bony stem, which now increases gradually, till it becomes 
a quarter of an inch square. Within' 5 or 6 inches of the bottom of the stem 
the bony part begins to grow smaller, till it comes to a point; and the cuticular 
part becomes cartilaginous, and supplies this tapering part with a quantity of this 
elastic substance, equal to the deficiency of. the bone. The use of this mem- 
brane, or bladder-like skin at the top of the stem, may possibly be intended to 
give the animal a power to ruse and fall itself in the water at pleasure. It ap- 
pears from the twist in one part of the stem, that the stem, when very small, 
and not so bony, had met with some violence, that had turned it out of its direct 
tion; the mark of which has still grown on with it: for the stem of the other 
specimen, taken at the same time, was quite even. 

On cutting it across, they discovered the distinct laminae to each angle, rising 
from a small point in the centre, and separated by a cross, that joins the opposite 
grooves. On putting a thin shaving of it into vinegar, a strong effervescence 
was immediately raised, which dissolved the gritty or coralline part, and disco- 
vered the fine membranes that enclosed it. These two substances seem to com- 
pose this bony, ivory, or coral-like stem. 

The disposition of the polypes, with regard to each other, is represented by a 
cross section in pi. 9, fig. f, where 10 occupy the outward circle, 9 are in the 
next, and 4 are in the centre. 

Mr. Ellis learned that it was taken in the latitude of 79° north ; which is 
within 1 1° of the pole, and 80 English miles from the coast of Greenland, by 
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Captain Adriaanz, commander of the Britannia, while he was on the whale 
fishery last summer. The captain sounding one day in very deep water 236 fa- 
thom, 2 of them clung to his line. He says the arms or tentacula of the polypes 
were of a bright yellow colour, and fully extended, when he brought them to 
the surface of the water; and made a' most agreeable figure, like a fine full-blown 
flower, which the captain took them for. Mr. Ellis further observes, that the 
encrinos, or the lilium lapideum of the curious in fossils, so little known before* 
is thought to be of this class. 

References to the figures in pi. Q. — a , the clustered polype in its natural size* 
extending itself; b, the same polype, as it -was received, after it had been soaked 
in water, and the tentacula laid straight; a, the polype in miniature, with its 
stem of bone or ivory; c, part of the ivory stem twisted; d, the lower .part of 
the stem, covered with a cartilage ; b, the cartilage opened, to show the tapering 
of the bony part; f, the cross section, to show the position of the several bodies 
of the polype; h, the cross section of the bony stem magnified; 6, one of the 
bodies cut open, to show its internal muscular form; 1, the eggs or spawn in the 
natural size; l, the same magnified; i, the cuticular covering, which is con- 
tinued from the bladder at m to the cartilage at b, or from one end of the stem 
to the other; n, the indented muscular base, where the bodies of the polype aU 
unite; k, a figure of the encrinos, or lilium lapideum, from Rosjnus. 

X.LVII. Extracts of two Letters from Father Gaubil, of the Society of Jesus , at 

Pekin in China, translated from the French. Dated Pekin, Nov. 2, 1752. 

p. 309. 1. To the R. S. 

The Chinese, without being consummate, or even passable astronomers* might 
be capable of observing an eclipse, and of making observations on it, and of 
looking on the shadow of the gnomon of a sun-dial. The knowledge* which 
they had from time immemorial of the rectangle triangle, and of its principal 
properties, might easily teach them a thousand curious things in geometry, with- 
out knowing the theory of trigonometry. 

The Chinese, from time immemorial, knew the passage of the sun in the 
ecliptic; they knew the stars ; they had globes 1 and: hemispheres; and, by means 
of divers practices and precepts, received from their ancients, without any great 
knowledge of spherical trigonometry; might be able on 1 the globe itself to resolve 
many problems. " We ought to conclude, that our ancients were possessed of 
sevml kinds of knowledge, received from the patriarchs, and transmitted to the 
Chinese, Without these kinds of knowledge, and these traditions, by mere ob- 
servations alone; the Chinese could not perform what they did at first. They 
never Well understood the stations and retrogressions of die planets, Reflections 
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on the eclipses of the sun and stars taught them anciently, by practice, some- 
thing of the parallaxes of the moon. 

Every thing was almost forgotten, about the time of Tsin chi hoam, 240 or 24$ 
years before Christ. But it is evident that, before that time, the Chinese must 
•have known something of the calculations of the eclipses of the sun and moon, 
and of some equations for reducing the mean motion to the true, and for calcu- 
lating the solstices. Mengtse, a classical author, who wrote before the burning 
of their books, mentions clearly enough, part at least of what is here said. They 
certainly knew indifferently well the proper motion of the fixed stars ; which 
was afterwards forgotten, for want of examining what was extant written in many 
books. 

On the 15 th of August, an ambassador from the king of Portugal arrived at 
Macao, with presents for the emperor of China. The queen-mother of the king 
of Portugal ordered the ambassador to desire, that Father Hallerstein, whom she 
personally knew, might come to him to Macao, with a mandarin sent by the 
emperor. The emperor consented to this without any difficulty, and dispatched 
the mandarin and Father Hallerstein to the ambassador. He will be here again 
in May. I am of opinion that the reigning emperor will never permit any mis- 
sionaries in the provinces ; and that they will find it very difficult to conceal 
themselves. But there is no appearance that we shall be sent away from Pekin ; 
on the contrary those who shall be sent thither, will be well received, if they 
have but the qualifications requisite. 

Letter 2. Tb Morn. De risle of the Royal Academy of Science s at Paris. Dated 

Pekin, Nov. 18, 1751. p. 313. 

T had furnished M. Freret with a quantity of memoirs, as I had likewise done 
to others, both seculars, and those of our own society. I digested into order all 
that I had collected ; and, in 1749, sent a complete treatise on the Chinese 
chronology, by two different ways, into France. I directed it to M. Freret, and 
to the fathers of our society at Paris. It was in 3 parts. 1 desired them to 
communicate it to you, and to Mons. de Mairan. I have had no account of the 
arrival of that treatise, in which I had laboured for more than 22 years past. It 
seemed to me necessary, on account of the great number of pieces, either printed 
or manuscript, which were sent hither on that subject. If I find that my treatise 
is lost, I can easily digest it into order again, from the rough draught which I 
have by me. 

Besides many astronomical observations, which I have punctually sent you, 

I have transmitted to you the treatise of Father Duchamp on the Indian astro- 
nomy, a collection of ancient approximations and occultations of the stars and 
planets, both by each other, and by the moon, and with the moon ; which I 
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had collected and made for determining the longitude and latitude of Pekin, 
&c. This year I have sent to Paris, by two different ways, a memoir, which 
had been desired of me, concerning the isles of Lequoyo, or Licoukicou, which 
Kempfer calls Roukou. It is a pretty long one. I had an opportunity of being 
well informed about these isles ; but there are many things yet wanting to be 
known. To this memoir I have added some remarks concerning the longitude 
of Namgazaki, and other places on the south coast of Japan, and the south coast 
of Coree, with its distance from Japan, and the island of Touyma, which, in, 
the map of Father du Halde, is called Touyla Tao, or Touyla. It should be 
called Touy Ma. It is the isle Tsutsima. It depends on Japan. I liave spoken, 
here with several Coreans, who have been, in that island. 

I have already sent to you observations made here to the close of the year 
1750, and during this year. I now send you others of 1750; and others I in- 
closed to you at large in 17*9 and 1750. I wait for some answer from you; 
and especially your opinion concerning the manner, in which I ought to dispose 
my memoirs concerning the Chinese astronomy. I am resolved to put my last 
hand to that work. But memoirs of that kind ought to be examined by persons 
intelligent and zealous like yourself. 

At Petersburgh you must undoubtedly have seen what I wrote to Mr. Bayer 
about what the Chinese have said concerning the Huns and Turks. Dr. Morti- 
mer has written to me, that he had received from a nephew of Mons. Fourmont, 
a small piece on the origin of the Turks and Huns, as drawn from the Chinese 
books. I shall speak, again of that subject in the memoirs which I have of the 
history of the great dynasty of Tang. There are a great number of very in- 
teresting things on what the Chinese have delivered at that time concerning the 
empire of the Persians, and its destruction by the Mahometans; concerning the- 
Mahometans, and the assistance which they gave to Chinese emperors against 
their rebels; concerning the Christian religion, or the Tatsin, but in very ob- 
scure terms; concerning the sects and countries of the Indians, Japan, Coree, - 
Tartary, and the countries between China and the Caspian sea, Thibet, and its - 
princes. All these particulars may be of considerable service to unravel the 
eastern history from the year 500 of Christ to the year 1000 before him, and even 
much higher. 

There are here a great number of Lamas and Tartars, who have gone from 
Lassa, the capital of Thibet, to the lakes and mountains, where the sources of 
the Ganges are, and at Latac, &c. in the country to the north of Thibet and' 
Latac ; but what they say is extremely confused; and this part of geography is 
still very little known to us here. 
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XL FI II. A Letter of Mr'. William Shervington to Benjamin Franklin , Esq. 
concerning the Transit of Mercury over the Sun, on the 6th of May 1753, as 
observed in the Island of Antigua. Communicated by Mr. Peter Collinson, 
F.R.S. Dated Antigua, June 20, 1753. p. 318. 

Sunday, May 6, at 6 h 7 m 51*, he observed the western limb of Mercury to 
touch the western limb of the sun; and, at 6 h 10 m 37 s , he touched the same 
with his eastern limb, and totally disappeared. Lat. of the place 17° O' n. Lon. 
by estimation 6l° 45' w. from London. This was taken by a Graham’s watch, 
and corrected by two altitudes taken by a most exquisite quadrant; which makes 
the true apparent time of the transit at 6 h 6 m 32 s 32 th . 

XL1X. Of the Barometer and the State of the Weather, at Dublin, from March 
7, 3 752, to Feb. 1753. By James Simon, Esq. F.R.S. p. 320. 

This register contains the daily height of the barometer, with the state of the 
weather, as to wind, rain, &c. but is of no manner of consequence now. 

L. A Second Account of the New Method of Opening the Cornea, for taking away 
the Cataract. By Samuel Sharp, Surgeon to Guy's Hospital, and F.R.S. 
p. 322. 

Mr. S. here gives a short account of the success of his new method of remov- 
ing a cataract, with some observations od the principal phenomena attending 
this operation ; to which he adds a description of a further improvement of the 
operation itself. For a fuller view of the history of these cases, he has here set down 
tlU ages of the patients, the dates of the days on which they underwent the ope- 
ration, and the particular circumstance of its being done on one or both eyes. 
This wa6 a list of 11 patients, from 48 to 70 years of age, on whom the opera 
tion had been performed. 

From this catalogue it appears, that the operation had been performed on 19 
.eyes ; and, from the most exact information, which he had been able to procure, 
the state of the success stood thus : Ac, ad, af, ag, al, all whom had the ope- 
ration performed on both eyes, had every one of them recovered the sight of 
both eyes, to as great a perfection as can be supposed, without the help of the 
crystalline humour; that; is, they could read and write, with proper spectacles. 
The first of them, ac, had found so much benefit, as to be able to carry on tlie 
-exercise of his profession, that of a surgeon, ah saw with both eyes, but not so 
well as the other 5. He had received an account from the surgeon, who had 
attended her (in a distant country), that her eyes looked well, and her sight im- 
proved.* ai, another patient, at a distance from London, had the operation 
done on one eye only ; which he recovered, as his correspondent informs him. 
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so as to see tolerably well, am, on one eye only, with which he already sees 
very well, ae had it performed on both ; one of which was lost, and the other 
recovered ; but continued inflamed, and could not bear much light, ab had it 
done on one eye only, which was lost. 

Both the eyes, in which the operation failed, were destroyed by the subse- 
quent inflammation ; but in the case of ab, the ill success was partly owing to 
the imperfection of the instrument? a disadvantage that must frequently attend 
on the execution of new attempts. It was the first operation he had performed, 
and he had provided a knife with so thin a blade, that after he had passed through 
the cornea into the anterior chamber of the eye, the point was so blunted, that, 
on endeavouring to carry it through the cornea out on the other side, the blade 
bent, and he was apprehensive it might break : however, withdrawing it a little, 
he made 2 or 3 efforts, and succeeded in the incision, and the removal of the 
cataract. During this operation, the aqueous humour being discharged, and the 
patient struggling, he wounded the iris ; which bled profusely, and continued 
for several days to discharge a great quantity of Mood, and bloody ichor : and 
to this accident was imputed the miscarriage of the operation ; though Mr. Da- 
viel affirms, that wounds of the iris had been very seldom followed with bad 
effects in his practice. 

He had reserved the mention of Ait’s history to the last, because of its singu- ' 
larity. She was altogether as blind as those whose cataracts are ripe ; but her’s 
had the appearance of a beginning cataract, being of a light blue, and but little 
opaque. On making the compression, the crystalline did not advance through 
the pupil, as in the other instances: and he found, that if he exerted more 
force, he should soon evacuate all the vitreous humour. It was evident, by the 
great distance of the cataract behind the iris, that this disappointment did not 
arise from an adhesion to the iris : however, he had immediately recourse to the 
experiment of cutting through the capsula with the point of his knife ; hoping by 
that means to have set free the crystalline, but it gave him no assistance. He 
then passed the curette (a little scoop) through the pupil, and turned it several 
times round, in expectation of breaking the capsula; but found not the least re- 
sistance to his instruments ; so that both operations proved ineffectual ; the cir- 
cumstances being exactly the same in each eye. He had, in couching, met with 
cataracts of this nature ; but had no apprehension that he could not have dis- 
charged, by the wound of the cornea, the matter of a cataract, in however fluid 
a state it might prove. 

* Some weeks after this paper was read, Mr. Sharp received an account, that the pupils of both 
eyes had contracted so much, as hardly to leave room for the admission of light ; and it was appre- 
hended the patient would soon become blind.— Orig. 
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Of all the 19 , there was not one that escaped an inflammation ; whereas, after 
couching, there are great numbers who have neither inflammation nor pain. 
But it was to be remarked, that notwithstanding the violent inflammation, which 
Sometimes ensued after the incision of the cornea, even to an enlargement of the 
eyelids, and vesication of the tunica conjunctiva, the patient complained rather 
of a tenderness of the eye, on touching it, than of pain ; being generally exempt 
from those dreadful dartings in the head, which for the most part accompany an 
inflammation after couching. And he believed he might assert, that none suf- 
fered very much in that particular, except ae ; who was extremely bad, and lost 
the eye on that side where the pain was. 

It could not, he presumed, be difficult to conceive how these inflammations 
should excite such different symptoms, on reflecting, that in the incision of the 
cornea, the cornea only suffers ; and in couching, the conjunctiva, the sclero- 
tica, the choroides, and the tunica retina, are punctured; most of which organs 
are either tendinous or nervous ; and every surgeon knows the painfulness and 
obstinacy of inflammations, when they follow upon wounds and punctures of 
tendinous or nervous parts. He had not mentioned, in this comparison, the 
violence done to the vitreous humour; because he believed it did not occasion 
the subsequent pain ; and because it seemed to be often as much or more injured 
in the new operation, without inconvenience. 

It had not occurred in any of these qpses, that the inflammation had been so 
slight, as to disappear entirely in a fortnight, or 3 weeks ; most of them re- 
quiring 6 weeks, and some longer, for the total removal of them. The first 10 
•days, or more, the light was generally very offensive; and he had observed, in 
3 or 4 instances, that on forcibly opening the eyelids during that time, the 
patient was only sensible of a glare of light, though the eye then appeared clear, 
and he afterwards recovered his sight. Which he mentioned to obviate the me- 
lancholy prognostic one would be disposed to make on a first examination. How- 
ever, this was not to be understood as a constant fact ; some patients distinguish- 
ing objects immediately from the time of the operation. 

It sometimes happens, after this operation, that the pupil loses its circular 
figure ; which he imagines is owing to the great tenderness of the iris, which, on 
the least violence, is subject to be ruptured ; and he supposes in this operation, 
a slight pressure from the back or the flat of the blade may have produced the 
accident in the instances alluded to. Possibly the sudden dilatation of the pupil, 
from the rapid passage of the cataract through it, may sometimes occasion it ; 
but the following history would induce one rather to ascribe it to the cause which 
he first -mentioned. 

Before he had thought of the knife for opening the cornea, he used the scis- 
sars, as Mons. Daviel directs ; and in a certain patient, after he had made the 
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wound of the cornea, and was going to compress the eye, for the expulsion of 
the cataract, he discovered, that from the disturbance he had given to the hu- 
mours by the foregoing process, it was sunk almost as much as if it had been de- 
pressed by a couching needle. He therefore left it in that situation, and the man 
afterwards saw veiy well ; though the cataract remained visible something below 
the pupil. Now in this instance the cataract had not passed through the pupil ; 
and yet it was lacerated, so as to lose its circular form ; but whatever may be the 
cause, he did not find, that the accident itself proved prejudicial to the sight. 
He adds that when an incomplete gutta serena is complicated with the cataract, 
the operation is of no avail. 

It remains now to speak of the operation itself. In his former paper, after 
having described the manner of making the incision, he directed the operator to 
compress the, inferior part of the globe of the eye with his thumb gently, till the 
cataract should be expelled through the incision of the cornea, on the patient’s 
cheek; and in this method he had performed it on several subjects. But re- 
marking, that though on the evacuation of the aqueous humour, the crystalline 
readily advanced through the pupil into the anterior chamber, yet that it required 
some force to expel it from its membrane through the wound of the cornea, and 
. in that action it sometimes suddenly drew after it a portion of the vitreous hu- 
mour, he changed his method, and no longer pressed the eye when once the 
crystalline was in the anterior chamber, but immediately stuck the point of his 
knife into the body of it, and extracted it contained in its capsula, without spilling 
any of tfip vitreous humour. . 

This new process, he supposes, would be found of considerable advantage, as 
it would in a great measure remove the danger of evacuating the whole, or too 
much of the vitreous humour : though it might be observed, to the praise of this 
operation, that, contrary to expectation, a large quantity of this humour, per- 
haps a 3d part, or more, had been sometimes discharged, without any bad con- 
sequence. 

He supposes, that the great and sole benefit arising from this improvement, is 
the easy separation of the crystalline from the bed of the vitreous humour, so 
that hone of this humour shall be evacuated. But perhaps it would also be ap- 
proved of, as it would rendet unnecessary the measure prescribed by Mons. Da- 
vid, of wounding the membrane of the crystalline, before we proceed to the ex- 
traction of the crystalline itself : to which purpose he advises the flap of the 
cornea to be suspended with a small spatula; then, with a pointed cutting needle, 
to wound the surface of the crystalline; after which, to introduce the same spa- 
tula through the pupil, in order to detach the cataract from the iris, and then 
proceed to the expulsion. 

He had here recited these processes of M. Daviel’s operation, which are calcu- 

vo l. x. 3 H - 


Digitized by t^OOQ Z 



419 


PHILOSOFHICAl TJRAN 6 ACTION 3 ; 


[ajjko 1753. 

lated merely to procure an easy separation of the crystalline from the vitoeous 
humour : but they are difficult to the operator, fatiguing to the patient, and, he 
should hope, altogether needless, if the knife be used in the manner which he 
has recommended : for whether the capsula of the crystalline be nothing more 
than the duplicature of the membrane of the vitreous humour, or whether it be 
a. proper ooat, which is also covered by the membrane erf the vitreous humour; 
m either case, since by compression the crystalline advances with so much facility 
through the pupil, it will be easily seized by the knife, and removed from the 
yitreous humour, with its inveloping membrane : whereas, in making an inci- 
sion on the surface of the crystalline, and wounding .its capsula, the crystalline 
will frequently slip out of the capsula, which will be left behind : and in fact 
this has happened to M. Daviel, who .advises pincers, and other instruments, to 
extract the remaining membrane. But he observes, in regard, to the capsula of 
the crystalline, that should the humour slip out of it, before it be seized by the 
knife, it possibly will waste; for in. milky cataracts, when the fluid is discharged, 
the membrane in length of time wastes: whole cataracts, with the inveloping 
membrane likewise, sometimes waste : and in one of his patients, the crystalline, 
from the mere pressure in the operation, burst out of its capsula, which he left 
in the eye ; but in some weeks it entirely wasted. However, if the removing of 
the capsula should, by future experience, be found necessary, it may be conve- 
niently done by the curette ; one of the instruments M. Daviel recommends for 
that purpose. This instrument may be also used for the extraction of a cata- 
ract, which has been broken to pieces by the couching needle in a forrqer opera- 
tion, and for the removal erf the capsula of a bag-cataract, when the fluid only 
has been discharged, and the bag remains behind ; but it will be most eminently 
useful in detaching the crystalline from the back part of the iris, when any portion 
of it happens to adhere: which circumstance would render the operation fruit- 
less, without such a precaution. 

It had not happened, in any of the cases treated, that either during the ope- 
ration, or after the operation, the iris had been pushed forwards, or insinuated 
itself through the wound of the cornea, forming a staphyloma ; but M. Daviel 
speaks of it as an occurrence he had met with, and says it may easily be replaced 
by tb small spatula. 

Mr. S. hopes that when this operation is more generally practised, ingenious 
men will render it still more perfect : and he should not be surprised, if the use of 
a speculum oculi should hereafter be esteemed an improvement : but then it must 
be contrived so, as that it shall not compress the globe of the eye ; or, if it does- 
the operator must be careful to remove it in the instant the incision is making, 
lest, by continuing the pressure after the wound is made, all the humours should, 
suddenly gush out- 
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LI. An Attempt to explain an Ancient Roman Inscription, cut on a Stone lately 
found, at Bath. By John Ward, LL.D., V. P. R. S. p. 332. 

The stone was discovered on the 22d of June last, about 5 feet under ground, 
in digging the cellar of a house, rebuilding at the lower end of Stall-street. 
Among the rubbish of the old house, when it was pulled down, was a large 
quantity of walling stone, which had on it the marks of fire : so that probably 
some building had formerly stood there, which was burnt. And in sinking the 
ground about 4 or 5 feet lower than the stone, they found 2 coins of the em- 
peror Carausius, in base metal, and very much defaced. In July 1727 the 
beautiful gilt head, which is now preserved in the town house, was dug up at 
the other end of this street, not far from the King’s bath, about 1 6 feet below 
the surface of the earth, as they were making a common sewer through the 
town. 

The stone, on' which this inscription is cut, has been generally taken for a 
pedestal, either of a statue, or some other solid body, which it once supported. 
Though from the appearance of the horizontal plane at the top Mr. Prince 
Hoare, the ingenious statuary at Bath, is of opinion, that nothing was formerly 
placed on it ; and supposes that the sinking in the middle, with the 2 lines 
erased, one on each side, might be made merely for ornament. Besides, the 
face and 2 sides only are finished ; the back being flat, as if it was designed to 
stand against a wall. The height of it, which is very near 3 feet ; as also the 
form both of the stone itself, and the plane above mentioned ; appear by the 
draughts of them taken by Mr. Hoare. From a careful examination of the 
whole inscription, as it appeared in the cast taken by Mr. Hoare, Dr. W. copied 
it in the draught of the stone ; and endeavoured to express the several letters in 
their proper form and proportional size, with the ligatures, divisions of the 
words, and their situations in each line, in the most exact manner he was capable 
of doing it. And on considering the whole in this view, he offers the following 
reading in words at length, as what appeare to him the most probable : 

Loam religiosum, per insolentiam erutum, 
virtuti et numini Augusti repurgalum 
reddidit Caius Severius Emeritus, centurio, 
sua pecunia. 

Dr. Ward thinks this a monumental stone, brought from some Roman burial 
place. 

But who the reigning emperor was, at the time this stone was set up, no in- 
timation is given in the inscription. Though, if one may be allowed to conjccr 
lure, the form -of the letters suits very well with some others in the reign of 
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Severus. And perhaps no time Was more open for such licentious practices, as 
might justly merit the name insolentia, than the loose reign of Commodus - r 
who though he was not the immediate predecessor of Severus, yet died' but a few 
months before he came to the empire. Besides, we have two other inscriptions 
found in Britain, addressed Numinibus Augustorum ; both which are thought to 
relate to Severus and his elder son Caracalla, after he was joined with his father in 
the government. Nor can there be any doubt of this, as to one of them at least ; 
which is an altar, and has on one side of it the names of both his sons, Caracalla 
and Geta, as consuls that year. So that on the whole, Dr.’ W. can find no other 
period of time so probable for fixing the date of this inscription. 

Lit. On some Electrical Experiments , made at Paris. By Mr. Benjamin 

Wilson, F.R.S. p. 3 47. 

Mr. W. being at Paris, M. Mazeas inarmed him that Dr. le Monnier, some 
months ago, had read a paper at a meeting of the Royal Acad, of Sciences, in 
which he told them, that he had great reason to believe the electric matter did 
not come from the earth at all, but from the air. On Mr. W. mentioning this 
to the Doctor, he found him still of the same opinion. As there was a conveni- 
ent apparatus in his apartment, Mr. W. proposed making the experiments : for he 
always thought that the electric matter came from both, but principally from the 
earth ; and that probably a difference of 10 to 1 would be perceived, on making 
the experiments. 

The machiue was suspended by silk Knes in such a manner, that every part of 
it was not less than 2 feet distant from any non-electric. The lines were dried 
by a chafing-dish of fire made with charcoal, as was also the glass globe ; and 
every other precaution was strictly observed, that seemed necessary for making 
the experiments. 

The doctor appeared to be well versed in electrical inquiries, and showed great 
judgment in conducting the whole. He got upon the suspended apparatus him- 
self, and rubbed the globe with both his hands ; while another person, who was 
likewise suspended, turned the wheel of the machine. Close to the globe was a 
slender slip of lead ; at one end of which was fastened some brass tinsel, to serve as 
a collector of the electric matter. The other end of the lead had a communication 
with a tin tube, which was supported by silk lines about a foot in length : and as 
this tube hung higher than could be reached*, another was hooked to it by means 
of a wire which hung down to a convenient distance. 

As Mr. W. stood on the floor, he took hold of this last tube, while the glass 
was rubbed, that the apparatus, and the persons on it, might lose as much of 
their natural electricity as possible under such circumstances. On removing his 
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hand, and afterwards approaching the tube, sometimes with his finger, and at 
other times with a key, they observed very small explosions, which were little 
more than just sensible. 

Mr. W. then desired one of the doctor’s servants, who also stood upon the 
floor, to lay hold of the suspended apparatus on which the doctor was mounted, 
while the friction of the globe was continued. Immediately on Mr. W. ap- 
proaching the tube as before, with his finger, and then with the key, a very great 
difference was observed; for now the explosion was very large compared with the 
former trials. Dr. leMonnier desired the experiments might be repeated: which 
was done several times, and to all appearance the differences were the same. He 
was perfectly satisfied that the experiments Were fairly made, and that the explo- 
sion was much greater when the apparatus communicated with the earth, than 
when it communicated with the air only. 

LIII. Electrical Experiments , with an Attempt to Account for their Several Phe- 
nomena. Also some Observations on Thunder-clouds. By John Canton , M. A., 
F.R.S. p. 350. 

Exp. 1. — From the ceiling, or any convenient part of a room, let 2 cork- 
balls, each about the size of a small pea, be suspended by linen threads of 8 or 
9 inches in length, so as to be in contact with each other. Bring the excited 
glass tube under the balls, and they will be separated by it; when held at the 
distance of 3 or 4 feet ; let it be brought nearer, and they will stand farther 
apart ; entirely withdraw it, and they will immediately come together. This ex- 
periment may be made with veiy small brass balls hung by silver wire ; and it will 
succeed as well with sealing-wax made electrical, as with glass. 

Exp. 2. — -If 2 cork balls be suspended by dry silk threads, the excited tithe 
must be brought within 18 inches before they will repel each other; which they 
will continue to do, for some time, after the tube is taken aivay. 

As the balls in the first experiment are uot insulated, they cannot properly be 
said to be electrified : but when they hang within the atmosphere of the excited 
tube, they may attract and condense the electrical fluid round about them, and 
be separated by the repulsion of its particles. It is conjectured also, that the 
balls at this time contain less than their common share of the electrical fluid, on 
account of the repelling power of that which surrounds them ; though some 
perhaps is continually entering and passing through the threads. And if that be 
the case, the reason is plain, why the balls hung by silk, in the 2d experiment, 
must be in a much more dense part of the atmosphere of the tube, before they 
will repel each other. At (he approach of an excited stick of wax to the balls, in 
the first experiment, the electrical fire is supposed to come through the threads 
into the balls, and be condensed there, in its passage towards the wax : for, ac- 
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cording to Mr. Franklin, excited glass emits the electrical fluid, but excited wax 
receives it. 

Exp. 3. — Let a tin tube, of 4 or 5 feet in length, and about 2 inches in dia- 
meter, be insulated by silk ; and from one end of it let the cork balls be sus- 
pended by linen threads. Electrify it, by bringing the excited glass tube near 
the other end, so as that the balls may stand an inch and a half, or 2 inches 
apart : then, at the approach of the excited tube, they will by degrees lose their 
repelling power, and come into contact ; and as the tube is brought still nearer, 
they will separate again to as great a distance as before : in the return of the 
tube they will approach each other till they touch, and then repel as at first. If 
the tin tube be electrified by wax, or the wire of a charged phial, the balls will 
be affected in the same manner at the approach of excited wax, or the wire of 
.the phial. 

Exp. 4. — Electrify the balls as in the last experiment by glass ; and at the ap- 
proach of an excited stick of wax their repulsion will be increased. The effect 
will be the same, if the excited glass be brought towards them, when they have 
been electrified by wax. 

The bringing the excited glass to the end, or edge of the tin tube, in the 3d 
experiment, is supposed to electrify it positively, or to add to the electrical fire it 
before contained ; and therefore some will be running off through the balls, and 
they will repel each other. But at the approach of excited glass, which likewise 
emits the electrical fluid, the discharge of it from the balls will be diminished ; or 
part will be driven back, by a force acting in a contrary direction ; and they will 
come nearer together. If the tube be held at such a distance from the balls, that 
ithe excess of the density of the fluid round about them, above the common 
quantity in air, be equal to the excess of the density of that within them, above 
the common quantity contained in cork : their repulsion will be quite destroyed. 
But if the tube be brought nearer ; the fluid without, being more dense than 
that within the balls, it will be attracted by them, and they will recede from each 
•other again. 

When the apparatus has lost part of its natural share of this fluid, by the ap- 
proach of excited wax to one end of it, or is electrified negatively ; the electrical 
fire is attracted and imbibed by the balls to supply the deficiency ; and that more 
plentifully at the approach of excited glass, or a body positively electrified, than 
before ; whence the distance between the balls will be increased, as the fluid sur- 
rounding them is augmented. And in general, whether by the approach or re- 
cess of any body; if the difference between the density of the internal and external 
Buid be increased, or diminished ; the repulsion of ths balls will be increased, or 
.diminished, accordingly. 

Exp. 9. — When the insulated tin tube is not electrified, bring the excited 
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glass tube towards the middle of it, so as to be nearly at right angles with it, 
and the balls at the end will repel each other ; and the more so, as the excited 
tube is brought nearer. When it has been held a few seconds, at the distance 
of about 6 inches, withdraw it, and the balls will approach each other till ' they 
touch ; and then separating again, as the tube is moved farther off, will continue 
to repel when it is taken quite away. And this repulsion between the balls will, 
he increased by the approach of excited glass, but diminished by excited wax ; 
just as if the apparatus had been electrified by wax, after the manner described in 
the 3d experiment. 

Exp. 6. — Insulate 2 tin tubes, distinguished by a and b, so as to be in a line 
with each other, and about half an inch apart ; and at the remote end of each 
let a pur of cork, balls be suspended. Towards the middle of a, bring the excited 
glass tube ; and holding it a short time, at the distance of a few inches, each 
pair of balls will be observed to separate ; withdraw the tube, and the balls of a 
will come together* and then repel each other again ; but those of b will hardly 
be affected. By tbe approach of the excited glass tube, held under the balls of 
a, their repulsion will be increased: but if the tube be brought, in the same" 
manner, towards the balls of b, their repulsion will be diminished. 

In the 5th experiment, the common stock of electrical matter in the tin tube • 
is .supposed to be attenuated about the middle, and to be condensed at the ends, 
by the repelling power of the atmosphere of tbe excited glass tube, when held ; 
near it. And perhaps the tin tube may lose some of its natural quantity of the 
electrical floid, before it receives any from the glass ; as that fluid will more ' 
readily run off from the ends or edges of it, than enter at the middle : and ac- 
cordingly, when the glass tube is withdrawn, and the fluid is again equally dif- 
fused through the apparatus, it is found to be electrified negatively: for excited 
glass brought under the balls will increase their repulsion. 

In the 6th experiment, part of the fluid driven out of one tin tube enters the 
other ; which is found to be electrified positively, by the decreasing of the repul- 
sion of its balls, at the approach of excited glass. 

Exp. 7-— Let the tin tube, with a pair of balls at one end, be placed 3 feet at : 
least from any part of the room, and the air rendered very dry by means of a fire : 
electrify the apparatus to a considerable degree ; then touch the tin tube with a 
finger, or any other conductor, and the balls will still continue to repel each . 
other; though not at so great a distance as before. 

The air surrounding the apparatus to the distance of 2 or 3 feet, is supposed 
to contain more or less of the electrical fire, than its common share, as the tin 
tube is electrified positively, or negatively ; and when very dry, may not part 
with its overplus, or have its deficiency supplied so suddenly, as the tin ; but 
may continue to be electrified, after that has been touched, for a considerable time. 
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Exp. 8. — Having made the Torricellian vacuum about 5 feet long, after the 
manner described in the Phil. Trans, vol. xlvii. p. 370, or p. 236 of this vol. of 
these Abridgments, if the excited tube be brought within a small distance of it, a 
light will be seen through more than half its length ; which soon vanishes, if the 
tube be not brought nearer ; but will appear again, as that is moved farther off. 
This may be repeated several times, without exciting the tube afresh. 

This experiment may be considered as a kind of ocular demonstration of the 
truth of Mr. Franklin’s hypothesis ; that when the electrical fluid is condensed 
on one side of thin glass, it will be repelled from the other, if it meets with no 
resistance. According to which, at the approach of the excited tube, the fire is 
supposed to be repelled from the inside of the glass surrounding the vacuum, 
and to be carried off through the columns of mercury , but as the tube is with- 
drawn, the fire is supposed to return. 

Exp. Q. — Let an excited stick of wax, of 2± feet in length, and about an inch 
in diameter, be held near its middle. Excite the glass tube, and draw it over 
one half of it ; then, turning it a little about its axis, let the tube be excited 
again, and drawn over the same half ; and let this operation be repeated several 
times ; then will that half destroy the repelling power of balls electrified by glass, 
and the other half will increase it. 

By this experiment it appears that wax also may be electrified positively and 
negatively. And it is probable, that all bodies whatever may have the quantity 
they contain of the electrical fluid, increased, or diminished. The clouds he has 
observed, by a great number of experiments, to be some in a positive, and others 
in a negative state of electricity. For the cork balls, electrified by them, wiH 
sometimes close at the approach of excited glass ; and at other times be separated 
to a greater distance. And this change he has known to happen 5 or 6 times in 
less than half an hour ; the balls coming together each time, and remaining in 
contact a few seconds, before they repel each other again. It may likewise easily 
be discovered, by a charged phial, whether the electrical fire be drawn out of the 
apparatus by a negative cloud, or forced into it by a positive one : and by which- 
ever it be electrified, should that cloud either part with its overplus, or have its 
deficiency supplied suddenly, the apparatus will lose its electricity : which is fre- 
quently observed to be the case, immediately after a flash of lightning. Yet 
when the air is very dry, the apparatus will continue to be electrified for 10 or 
15 minutes, after the clouds have passed the zenith; and sometimes till they 
^appear more than half-way towards the horizon. Rain, especially when the 
•drops are large, generally- brings down the electrical fire ; and hail, in summer, 
.vs -believes never fails. When the apparatus was last electrified, it was by the 
fall of thawing snow; whieh happened so lately as on the 12th of November; 
that being the 26th day, and.6ist time, it has been electrified, since it was first 
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set up; which was about the middle of May. And as Fahrenheit’s thermometer 
was but 7 degrees above freezing, it is supposed the winter will not entirely put 
a stop to observations of this sort. At London, no more than 2 thunder storms 
have happened during the whole summer: and the apparatus was sometimes so 
strongly electrified in one of them, that the bells, which have been frequently 
rung by the clouds, so loud as to be heard in every room of the house, the 
doors being open, were silenced by the almost constant stream of dense electrical 
fire, between each bell and the brass ball, which would not suffer it to strike. 

Mr. C. concludes this paper with the following queries : 

1. May not air, suddenly rarefied, give electrical fire to, and air suddenly 
condensed, receive electrical fire from clouds and vapours passing through it? 

2. Is not the aurora borealis, the . flashing of electrical fire from positive, to- 
wards negative clouds at a great distance, through the upper part of the atmo- 
sphere, where the resistance is least ? 

LIP. Extract of a Letter from Professor Bose, dated Wiltemberg, Aug. 1, 
1753. With Observations on it by Mr. Wm. IVatson , F. R. S. p. 358. 

In the beginning of August 1752, after great and continued rains, many of 
our rivers overflowed the neighbouring grounds, more or less according to their 
level, to a considerable distance; and the quantity of water was so great, that in 
some places it was not discharged for more than a week. More particularly the 
river Unstrut in the territory of the landgrave of Thuringue required a long time 
to empty itself, not only as that river runs over a large tract of country, but also 
as between Artem and great Jena, where this river joins the Sales, its bed in 
several places is very much confined. 

When the inundation was abated, it was observed from the little city Laucha 
quite up above Artem, not only on the fields and meadows, but also on the 
bushes and trees, that there was a green and very tough viscous slime, which by 
the help of a stick could be drawn out to 2 or 3 ells in length. The subsequent 
heat of the sun dried this matter, and it appeared like wool on the bushes; but 
the fields, when seen at a distance, seemed as if covered with sand. This matter 
had a smooth appearance outwards, but within was like a sheep’s skin. Down- 
wards next the ground it had a sort of wool; and when the whole was washed 
with soap, it whitened, and appeared like a clean fleece of white wool. Of this 
substance, the country people soon made wicks for their lamps, and several lined 
their clothes with it, as they would with fur. 

It was further observed, that where this substance was mowed off from the 
meadows, the grass under it was quickly dried up; but, where it was not 
removed, the grass in the following December was as green and fresh as in the 
-spring. Thus far Mr. Bose. On which Mr. Watson observes, that the veget- 
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able substance, which, on the specimen sent over by the professor, he has intitled 
« a sort, perhaps, of alcyonium molle,” is a species of that genus of plants, 
which the more modem botanists call byssu6. And it is of that species, or a very, 
slight variety from it, which is called by Dillenius, in his Historia Muscotum, 
byssus tenerrima viridis velutum referens. It is also mentioned and figured by 
Micheli in his Nova Plantarum Genera, under the title of byssus terrestris viridis- 
herbacea et mollissima, filamentis ramosis et non ramosis. This genus of plants,, 
in the order of nature, comes between the mosses and fungi. The specimen- 
now sent, being white on one side, arises from its either being washed or 
bleached by the sun; for when wet, according to Mr. Bose, it was green; and- 
this colour is mentioned both by Dillenius and Micheli in their several denomi- 
nations. This vegetable is found in England, as well as in many parts of* 
Europe, in moist meadows, covering the ground like a carpet, and sometimes to- 
a great extent. 

We must be careful, however, how we connect the substance in question, ancL 
others of the same genus with the (3u<r<ro{ of the ancient Greek writers, or the 
byssus of the Latin. What that substance was, has been matter of great con- 
troversy. This is certain, that garments made of it were the apparel of the rich.. 
And in the New Testament, St. Luke, in the parable of the rich man and: 
Lazarus, says of the former, as a mark of his opulence, mAJua-xt-ro x*l: 

(3uV<m ; this is translated in our English version, “ he was clothed in purple and 
fine linen.” It is more probable, that the bysSus of the ancients was a very fine 
sort of cotton ; but whoever wishes to examine what has been said on this sub- 
ject, may consult Pliny * and Wormius;-^ but, above all, Bodaeus k Stapel,J 
in his Commentary on Theophrastus; who has on this occasion, as well as om 
•many others, given us an ample testimony of his vast erudition.. 

LV. Account of a Memoir read at the Royal Academy of Sciences at Paris, by- 
M. de Barros, a Portuguese Gentleman , concerning certain Phenomena ob- 
served by him at Paris , in the last Transit of Mercury over the Sun. By X. 
Short , A. M., F. R. S. p. 361 . 

The author says, he used an excellent Gregorian reflector. 4 feet in length,, 
faking in the eye-piece, and as much of the great tube, as exceeds the focal, 
lengths of the two eye-glasses; probably it should be the two specululns: that- 
the focus of the great speculum is 33 Paris inches; that of the small one 4 
inches; the focus of the eye-glass next the eye 18 lines; the focus of the glass 
farthest from the eye 5 inches; and, lastly, that the combined power of these 2 
glasses is nearly equal to that of a single eye-glas6 of 3 inches. The telescope 

* Plinii lib. xix, c 1. } Mus. p. 139* ♦ P.425, etleq. 
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therefore, according to Mr. Short’s computation, magnified about 130 times. 
He was placed in the most commodious situation for observing the egress; his 
smoked glass was fixed perpendicular to the axis of his telescope within a close 
tube; and he always used the same part of this glass. 

He took notice, that the interior contact of Mercury’s and the sun’s limbs, . 
at 10 h 18 ra 41*, was very rapid, having observed it with a green-coloured glass 
held over the smoked glass: immediately after which, looking through the 
smoked glass only, he perceived that a small thread of light was still visible be- 
tween the limbs, before what he calls the second contact took place, which was 
not till 4 seconds after; that the exterior contact appeared stationary, or seemed 
to last 6 or 7 seconds; that having observed the total egress with the coloured 
glass on the smoked one, he brought Mercury on the sun’s limb again, by re- 
moving the coloured glass; and that the second total egress did not happen till 
6 or 7 seconds after the first. When he observed him at the- distance of about 
3 of his diameters from the sun’s limb with both the glasses, he remarked that 
the same distance seemed diminished, and Mercury’s diameter increased. That 
the part of the sun’s limb where Mercury went off, to the extent of 6 degrees 
of circumference, seemed under much the same configuration, as the illumi- 
nated limb of the moon about the quadrature, somewhat uneven and undulating. 
The same looked also redder than the rest of the disk. This was about 18 or 
20 seconds before Mercury disappeared, and was seen through the smoked glass 
alone; for when the green glass was applied, the appearance in a manner vanished. 

The evening before the transit he viewed the sun with different coloured 
glasses, variously combined with each other, and with a smoked glass; and found, 
that a green glass before the smoked one did best; the sun appearing of a silvery 
hue, like the moon, and the spots and the limb exceedingly well defined. 

M. de Barros, having thus described the particular phenomena, ingeniously 
attempts to account for them all, from this single supposition; that the disk of 
the sun, and of Mercury seen on it, are environed with a certain corona of light 
.(like that which Sir Isaac Newton calls the circle of aberration or dissipation in 
refracting telescopes) by which the apparent diameter of the sun is enlarged, and 
that of Mercuiy contracted. But as this gentlemen made use of a reflecting 
telescope, and as no such circle, from the known principle of reflection, can 
take place in such a telescope, if well made, as Sir Isaac has proved long since; 
Mr. S. thinks it not worth while to pursue him through all his particular supposi- 
tions; but oi% -to show that his hypothesis has really no foundation. 

. Sir Isaac, as before hinted, remarks, that the images of all objects seen in 
refracting -telescopes, are surrounded with a circle of aberration; which is always 
less, the longer the telescopes are. In . his optics, to avoid the indistinctness 
arising from this circle, he would propose catadioptric telescopes, in which, if 
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-the speculums, under limited apertures, be justly figured, no such circle of aber- 
ration can confuse the image; but if the speculums are of a spherical figure, 
with too large apertures, then a circle of aberration will take place; as it also- 
will when the figure deviates from the circular towards the hyperbolic, even- 
Under a small aperture, and the same thing will happen, if the spherical figure 
be inaccurate. 

About 3 days from the change of the moon, her whole body is visible; that 
part of the limb, which is directly enlightened by the solar rays appearing to the 
naked eye, as an arc of a greater circle than the other, which receives the reflex 
light from the earth. Look through a refracting telescope, and you will per- 
ceive the apparent difference of these circles very much diminished; and if they 
be viewed with a good reflector, they will be perfectly reduced to an equality, 
even if measured with a micrometer in the focus. 

If a reflecting telescope, well constructed, be directed any considerable time 
to the sun, such a circle of aberration will be generated, from the little spe- 
culums being heated, and thereby its figure altered, from the sun’s pays falling 
condensed on it from the great one; and if it continues long under this circum- 
stance, the image will be rendered utterly indistinct and confused. 

This we were thoroughly convinced of at the above-mentioned transit of Mer- 
cury; for a good reflector, which we used in taking, with the micrometer, the 
differences of right ascension and declination between the planet and the sun’s 
limb, having been a good while exposed to the direct rays,, was found at last to 
give a very indistinct image; but was restored to its former degree of perfection, 
by turning it from the sun, and screwing off the eye-piece, so as to admit the 
cool air into the great tube, by which the over-heated small speculum soon re_ 
covered its duejemper and figure. The last-mentioned effect is scarcely sensible 
in the less reflectors of small apertures ; but in those of large ones it is very con- 
siderable. 

Dr. Bevis, Mr. Canton, and Mr. Bird, who viewed Mercu ry going off the 
sun, with very good reflectors of different lengths, assured him, they saw him 
quite distinct, and free from any corona, or circle of aberration, and the sun’s 
limb perfectly well defined. And he appeared to Mr. S. through a reflector of 4 
feet focus, magnifying about 135 times, as truly defined as he could wish to see 
a black circle on a white ground. On this occasion however Mr. S. takes notice, 
that during the whole time of this transit of Mercury, the air was perfectly calm 
with us: but that, in the last two transits of Mercury over the sun, viz. in the 
years 1736 and 1743, both the sun’s and Mercury’s limbs appeared to him indis- 
tinct, and surrounded with something like what this gentleman calls a luminous 
crown, or circle of aberration ; though Mr. S. at both these times made use of 
reflecting telescopes, which he had by former trials esteemed good. But it is to 
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be observed that, during both these transits, there was a constant hard gale of 
wind ; and as he had, by other observations, formerly found that the images of 
the planets, in the niglit-time, did not appear so distinct in windy weather as 
when it was calm, he therefore imputed the indistinctness of the sun’s and Mer- 
cury’s limbs to the air’s being agitated by the wind.* Of this we may be made 
sensible by a familiar instance : 

Suppose a vessel full of water, having any thing lying at the bottom, as a 
shilling, the water being at rest; you will then perceive the image of the shilling 
distinctly ; but if you give any commotion to the water, the image of the shilling 
will then appear indistinct and confused. 

Somewhat analogous to this is this other appearance ; if you look through a 
telescope at any of the planets, when the stars appear hazy, dim, and languid* 
you will see them distinctly : but look at them again, wheif the stars appear most 
bright and sparkling, you will then find their images less distinct. This may be 
accounted for by the just-mentioned instance of the vessel of water, by supposing 
air instead of water. And if we consider the infinite number of heterogeneous 
particles which continually float in the air, and suppose these to be at rest, or put 
into motion, we shall find that it is not at all. surprizing, that we see the images 
of objects placed beyond the medium of air, .more or less distinct. We are not 
so sensible of this indistinctness, arising from the agitation of the air, in re^ 
fracting telescopes, as in reflectors : because the errors of reflexion,, caused by 
any irregularity in their figure, or confusion in the air, are about 5 or 6 times 
greater than the same errors in refraction ; even though both telescopes magnify 
the same number of times ; as has long been demonstrated.- 

We also took notice of M. de Barro’s first phenomenon ; viz. the seeming 
greater velocity of Mercury when he was near the egress : which we thus ac- 
counted for. When he was at a considerable distance from the limb, there being 
nothing near enough to refer Ins velocity to, he seemed- in a manner stationary ; 
but being advanced near the sun’s edge, we could refer his motion to that with 
ease; which thus becoming sensible, it might be esteemed rapid, in comparison 
of the former. Mr. S. had often made the same remark on the gradual approach 
of two luminous bodies, as the appulse of the moon’s lucid limb to a star or 
planet 

The expedition with which the author observed his 2d phenomenon, is extra- 
ordinary; viz. that he should first observe what he names the final contact; 2dly, 
that he should take away his green glass; and thirdly, that he should be able 
suddenly to alter the conformation of his eye, so as to see distinctly with a much- 
greater influx of light, and then take another observation, and all in the short 

* Since this paper was read, Mr. Short has been informed by M. le Monnier, the French king's 
astronomer, that, during the last transit at Paris, they had a hard gale of wind fiom the K, s.—Orig. 
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space of 4 seconds! On the whole, it may be concluded, that the several phe- 
nomena, observed by this gentleman, in the transit and egress of Mercury, were 
owing to indistinctness of vision, arising either from the eye, the telescope, or 
the air; and that this alone may account for them all, without having recourse 
to supposed circles of aberration ; which can never possibly exist in a well-con- 
structed reflecting telescope. 

LVI. An Explanation of an Obscure Passage in Albert Girard's Commentary. 

on Simon Stevin's Works, p. 169, 170. By Mr. Simson, Prof. Math. Glas- 
gow. (Communicated by Philip, Earl Stanhope, p. 3f>8. 

<£ Puis que je suis entre en la matiere des nombres rationaux, j’adjousteray 
encore deux ou trois particularitez, non encor par cy devant practiquees, comme 
d’expltquer les radicaux extremement pres, &c.” 

The first thing Albert Girard gives in this place is a method of expressing the 
ratio of the segments of a line cut in extreme and mean proportion, by rational 
numbers, that converge to the true ratio. For this purpose he takes the pro- 
gression ©, 1, 1, 2, 3, 5, 8, 13, 21, See. every term of which is equal to the sum 
of the two terms that precede it, apd he says, any number in this progression 
has to the following; the same ratio (nearly) that any other has to _ that which 
follows it. Thus 5 has to 8 nearly the same ratio that 8 has to 13; conse- 
quently, any 3 numbers next one another as 8, 13, 21, nearly express the seg- 
ments of a line cut in extreme and mean proportion, and the whole line; so that 
13, 21, 21, (n.b. 13 is wrong printed for the second number, instead of 21) . 
constitute near enough an isosceles triangle, having the angle of a pentagon; 
i. e. whose angle at the vertex is subtended by the side of a pentagon in the circle 
described about the triangle. 

Now this will be plain, if it be shown, that the squares of the numbers in 
this series are alternately lesser and greater by an unit, than the product of the 
two numbers on each side. Thus, in the 4 numbers, 5, 8, 13, 21, the square 
of 8 is a unit less than the product of 5 and 13; but the square of 13 that next 
follows 8, viz. 169, is a unit greater than 8 times 21, or 168; and so on con- 
stantly. 

Case 1. If a, b, c, be such numbers, that a + b = c, and ac = ££ + 1. 

Then, if d be taken so that d = b + c; then shall bd + 1 = cc. For, be- 
cause d = b -f* c; bd - f- 1 shall be as bb + be + 1 = ac + be* which is as 
{o + A) X c = cc: ergo bd + 1 as cc. 

C4se 2. If a, b, c, be such, that a + b — 0 , and ac+ 1 s bb. 

Then, if d be taken so that d = b + c; then shall bd as os + 1. For, be 
cause bd a= bb + be = ac ■+■ be + 1 = (a + b ) X c + 1 = cc -f- 1 . 

Problem. Having given the number a , in cdse 1 ; to find b and c, i. e. having 
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given a, to find b such, that bb + 1 = (ac = ) aa + ab ; then is bb — ah = aa 
— 1 : and therefore b = -j-a -|- j. v' $ aa _ 4. Hence, to make b a rational in- 
teger number, 5aa — 4 must be a square, which it will be, if a = 1 ; and then 
b will also be 1, and cwill be 2: and having continued the series, every number 
will have the properties mentioned- 

The 2d thing which Albert Girard mentions, is a way of exhibiting a series of 
rational fractions, that converge to the square root of any number proposed, and 
that very fast. He tells nothing about the way of forming it, and only gives the 
two following examples, viz. He says, V2 is equal nearly to -f-j-i.: or, if you 
would have it nearer, to • 

His other example is of y' 10, which, he says, is nearly equal to r 

)• e. to S t V - AVr 1 • And these are the fractions your lordship has turned, at first 
sight into continued fractions of the same value.* 

The way of making a series of rational fractions, which converge to the square 
root of any number proposed,, in such a manner, that the square of the nume- 
rator of any of them being lessened by a unit, or in some cases increased by a 
unit, the remainder or sum, divided by the square of the denominator, shall be 
exactly equal to the number proposed, depends on the following propositions. 

Prop. 1 . Let a be any number proposed, and - be such a fraction, that — — - 
•= a, i. e. bb = acc + 1 ; then if two other fractions be taken, one of which is 
- c , the first divided by the proposed number a, and the other is ~ the reciprocal 

of the first fraction; then the fraction whose numerator is the sum of 

the products of the numerators, and of the denominators of the fractions 
- and and its denominator the sum of the products of the numerators, and 

of the denominators of the fractions b - and shall have the same property 

■with the fraction ^i. e. ~ ' = Because bb = acc + 1, therefore 

bb — acc = 1, and squaring 

b* — lab^c 1 + aV =1., And adding Aab'c 1 gives 

V + lab'c 1 + «V = 4 aiV + K Hence c ± + 7^" 1 = a. 

w 

Prop. 2. If - be such a fraction, that = o, i. e. bb + 1. = acc , alii 

* B. That tile continued fraction here alluded to, for expressing the square root of 10*. was 

i * W-* 

•"A 

— -jji &c. ad rafnritum.---Orig. 
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other things remaining as in prop. 1 ; then shall the fraction 


bb + acc 


, formed as there described, be such, that 


Cbb + acc J 2 — 1 


2 be ’ 7 7 C2bc)' 

For because bb + 1 = acc , then acc — bb = 1 ; and squaring, 

b 4, — 2 ab' 2 c 2 + a 2 c 1 = 1 . 

Hence, as in the foregoing, jt will follow, that ^ bb + acc ^ ~~ 1 


= a . 


= a. 


(2 be) 2 

Prop. 3. Let the fraction b - be such, that = a, i. e. bb = acc -f- If 

also let - be another fraction, having the same property with -, i. e. such, that 
dd — aee + 1. Then, if from the fraction and the two others mentioned 
in prop. 1, viz. and a new fraction be formed, in the same manner as the 
fraction — was formed from -, and the same two - and which fraction will 
be ; this new fraction shall have the same property with the other two 

b j d . (bd + ace) 2 — 1 
- and i. e. — -- j - . - f ■ .» — = a. 
c e (cd + bc) % 

Prop. 4 . The same things being supposed as in prop. 3, except that bb, in- 
stead of being equal to acc + 1 , as there, is equal to acc — 1 , or bb + 1 — acc; 

(bd 4- ace) 2 + 1 _ 


it will follow, by the like steps as, in prop. 3, that ; — — j ^ = a. 

Prop. 5. If likewise <P be equal to aee — 1 , as well as b* = acc — 1 , all other 

things remaining as in prop. 3, then shall ( bd + ace)* = a X (cd, + bey -f- 1, 

• _ Cbd + occ) % — 1 

l,e * (cd+ be )' ~ 

Prop. 6. But if b* = acc + 1 , and <P = aee — 1 , all other things remaining as 
in prop. 3. Then shall (M+ ace)* + 1= «X (cd + be)*, i.e. 

Now, let a be any number proposed, and let the fraction - be such, that 


either ^ = a, or = a, and take the fractions ^ and j, beforedescribed; 


then the series of fractions converging to »/ a, will be as follows: 

= the first term of the series. 

b* aci c 

— + — - the 2d term, 1 

M + acc f I Every term is formed from the preceding; and 

= g the 3d tenn * v 1 c b c „ „ „„ 

— 7 the 4th term. 

tf+hg 


the two fractions — and r , in the same manner as 

ac b 7 

the second from the first, and these fractions. 


&c. in infinitum. _ 

And from the foregoing propositions it follows. 


1. That if -~ cc ~- = a, then every fraction of the series shall be such, that if 
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from the square of its numerator be taken a unit, the remainder, divided by the 
square of its denominator, shall be equal to a. 

For, by prop. 1, the fraction * shall be such; and by prop. 3, the next, frac- 
tion £ shall likewise be such; and so all the following terms. 

Example .' Let a = 2; then the first fraction, i. e. that in the smallest numbers, 
-, that makes bb ~ - - = 2, is when 5 = 3, and c = 2; so that 

c 7 cc 7 ' 

r 7c ) c are +* * } 

And the terms following the first 4, are 44. 44. 444. 4444. &c. 

2. But if — - - 1 = a, i. e. if the first fraction * of the series have the square 
of its numerator a unit less than acc, the multiple of the square of its denomi- 
nator by the number a; the 2d term shall have the square of its numerator a 
unit greater than the said multiple of the square of its denominator; and the 3d 
term shall have the said square a unit less, and so on alternately. For, by prop. 

2, the second term d shall be such, that dd ~ - = a: and therefore, by prop. 4, 
the 3d term ^ shall be such, that * = a. And by prop. 5, it follows, that 

the next term £ shall be such, that —j£— = a; and so on alternately, by prop. 
4 and 5. 

Example. Let a = 2: then the first fraction £ that makes — 2, is when 
5=1, and cal. So that 

i' ~b 1 ^ +• t } -t- And the following terms are 4. 4. 44. 44. 44 &c. 

But if a be 13, then the fractions will be y. T 5 T . 44] y . 444. V- 4 y } * . &c. 


3. But if the fraction - be such, that 


bb- 1 

cc 


= a, and if the fractions — , 4 


ac ' 


be taken, from which the series is to be formed, as has been described; then if 
the first fraction of the series be made not but some fraction -, such that 

then shall every ferm of the series be such as the fraction i.e. the 

square of the numerator being increased by a unit, and the sum divided by the 
square of the denominator, the quotient shall be equal to a. For since bb = 
acc -J- 1 , and dd = aee — 1 , by prop. 6 it follows, that the next term 

-1 

g gg 

Example. Let a = 2, - — then will — = 7, and | = |, and let t = i; 

r 7 c=2 ac 4 7 b 3 el 

then 7. — } - are \. \ } 7. And the other terms are 4. 44. 444* Wt • & c - ' 

To find - such as makes bb — 1 = acc, i. e. acc 4- 1 = 55, recourse must 

be had to Lord Brouncker’s method in Dr. Wallis’s Commercium Epistolicum. 

vol. x. 3 K 


7 shall be such, that ■ = a-, and so on for every term. 

4 = 3 
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LFII. Observations on the Electricity of the dir, made at the Chateau de Mam- 
tenon, during June, July, and October, 1753; being Part of a Letter from 
the jibbe Mazeas, F.R.S., to the Rev. S. Hales, D.D., F.R.S. Translated 
from the French by J. Parsons, M.D. , F.R.S. . p. 377. 

June 14, M. Mazeas accompanied the Marechal de Noailles to his castle of 
Maintenon. At his arrival, he set up an. apparatus, consisting of an iron wire 
370 feet long, raised to 90 feet above the horizon. It came down from a vety 
high room in the castle, where it was fastened to a silken cord 6 feet long, and 
was carried from thence to the steeple of the town; where it was likewise fastened 
to another silken cord of 8' feet long, and sheltered from rain; and a large key 
was suspended by the end of this wire, to receive the electrical fluid. 

Observ. 1, From June 17, the time of beginning his experiments, the elec- 
tricity of the air was sensibly felt every day, from sun-rise, to 7 or 8 in the 
evening: except in moist weather, when he could perceive.no signs of electricity. 
In dry weather, the wire attracted minute bodies, at no greater distance than 3 
or 4 lines. He constantly observed that, in weather void of .storms, the electri- 
city of a piece! 0/ sealing-wax of 2 inches long, was above twice as strong as 
that of the air. Hence it would seem that, in weather of equal driness, the 
electricity of the air is always equal. 

Observ. 2. When he grasped the wire closely in his hand, the electricity ceased 
instantly, and did not recover till 3 or 4 minutes after; whereas, during a storm 
we could deprive the wire of its electricity only for a moment; for it immediately 
returned with the same vigour. Hence it appears that the cgmmon electricity of 
the air has but a slow motion. 

Observ. 3. He endeavoured to increase the electricity "of the wire, by the addi- 
tion of a 2d, which copimunicated with an electrical magazine, composed of 
pieces of iron, tin plates, gilt paper, and such like, sustained by silken cords; 
and he observed, 1 . That the electrical fluid* did not even then act with any more 
strength on minute bodies presented to the wire. 2 . That in depriving this ma- 
gazine of its electricity, it seemed to return the more slowly the more consider- 
able the magazine was ; whereas the contrary happens during a storm. This 
slowness, with which the common electricity of the air is propagated, made him 
despair of finding means capable of rendering its motion sensible. 

Observ. 4. It did not appear that hurricanes and tempests increase the electricity 
of the air, when they are not accompanied with thunder; for during 3 days of a 
very violent continual wind in the month of July, he was obliged to put the dust 
within 4 or 5 lines of the conductor, before any sensible attraction could be per- 
ceived. The direction of the winds, whether east, west, north, or south, does 
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not make any sensible alteration In the electricity of the air, except When they 
are moist. In the most dry nights of that summer, lie cOukl observe ho Signs 
of electricity in the air j bat it returned in the morning, as before said, when 
the atm began to appear above tile horizon, and vanished again in the evening, 
about half ah hour after sun-set.. The strongest common electricity of the at- 
mosphere was perceived in the month of July, on a very dry day, the heavens 
being very dear, and the sun extremely hot. The distance of 10 or 12 lines was 
then sufficient for the approach of the dust to the conductor, in order to sefc 
the particles rise in a vertical direction, like die filings of iron on the application 
of a magnet. 

01m. 5.— June 27, at 1 afternoon, he perceived some stormy clouds rising 
above the horizon, and immediately went up to his apparatus ; and having ap- 
, plied the dust to the key, it was attracted With a force which increased in pro- 
portion as the clouds reached the zenith. When they had come nearly over the 
wire, the duet whs so impetuously repelled as to . be entirely scattered from the 
paper. He chew considerable sparks from it, though there was neither thunder 
nor figh&itag. These Sparks were of a very lively red colour when attracted 
with the finger : they were white and smaller when he used a wire hafted ht a 
gkss tube s they were bluish, and much extended, when attracted by spirit of 
wine in a silver spoon. 

Ob». He applied a piece of resin to the conductor, but could dtaW ti6 
sparks from it : however, afl who were present heard a noise like that of hairs 
when burnt. It was the same with sealing-wax, woollen-cloth, linen, fee. He 
then took a quicksilvered glass, and applied to the clean side a piece of wire of 6 
inches long, while the other end was put to the conductor ; by Which he dfCtf d 
multitude of small whitish sparks. Which soon ceased, but were succeeded by A 
noise Rke that which happened on applying the resin to the conductor. 

When he applied the end of the wire to the silvered Surface of the glass, while 
the other 'end touched the conductor, the quicksilver affected him so strongly, 
that notwithstanding his being so much accustomed to suffer these electrical 
Shocks, he was not able to bear this. Hence he concludes, that the best me- 
thod of increasing the electrical power is to make it fall Ort some metalline sur- 
face, intimately connected with a surface that is an electric per se. 

Obs. 7.— -When the stormy douds were in the zenith of the wire, the efectH- 
dty was hummed to so high a point, that the silken thread attracted light bodies 
wt the distance of 7 or 8 inches. Tins cord was 6 feet long, and in the first foot 
thedtaetriefcywsa nearly as strong as in the wire,, but from thence it diminished' 
in- the rest <rf the length. Hu substituted a glass tube for the silken cold, and 
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observed the same phenomenon, with this difference* that the electrical fluid 
penetrated it with greater difficulty. 

Obs. 8. — The stormy clouds before mentioned remained about 2 hours above 
the horizon, without either thunder or lightning ; nor did a very heavy rain di- 
minish the electricity, except about the end, when the clouds began to be dissi- 
pated. 

About 6 o’clock in the evening he was told that there were signs of a new 
storm in the air : he went up, and while he was preparing matters, a young man 
of the town, 35 years old, subject to an epilepsy, was among the spectators. 

He drew sparks on the epileptic person, who was present, from the first thun- 
der-clap. At first he bore tliem ; but in 2 or 3 minutes perceiving his counten- 
ance change ; and fearing that an accident should happen to him, JM . Mazeas 
begged he would retire. He was no sooner returned home than his senses 
failed him, and he was seized with a most violent- fit. His convulsions were 
taken off with spirit of hartshorn ; but his reason did not return in an hour and 
a half. He went up and down stairs like one who walks in ,his deep, without 
speaking or knowing any person, settling his papers, taking snuff, and offering 
chairs to all that came in. When he was spoken to, he pronounced inarticulate 
and unconnected words. When he recovered his reason, he fell into another 
fit. His friends said, that he was more affected with this distemper when it 
thundered than at any other time ; and that if it happened that he then escaped, 
which it rarely did, his eyes, his countenance, and the confusion of his expres- 
sions, sufficiently demonstrated the weakness of his reason. The next day he 
learned from the man himself, that the fear of thunder was not the cause of his 
disease ; but that however he found a fatal connexion between the phenomenon 
and that distemper. He added, that when the fit seized him, he perceived a 
vapour rising in his breast, with so much rapidity, f hat he lost all his senses be- 
fore he could call for help. 

LVlll. A Treatise on the Precession of the Equinoxes , and in general on the 
Motion of the Nodes , and the Alteration of the Inclination of the Orbit of a 
Planet to the Ecliptic. By M. De St. Jaques Silvabelle. Translated from 
the French M.S. by J. Bevis , M.D. p. 385. 

If the earth were perfectly spherical, the action of the sUn on all the parts 
which compose it, would not produce any effect to make fit turn round its 
centre ; because the moment which would be produced on one side, would be 
always counterbalanced by an equal moment on the opposite side of the centre. 

It would be the same if the earth were a spheroid flatted at the poles, .and the : 
sun was always in the equator, or in the 90th degree of declination : but in every 
other degree of declination its action on the excess of matter about the equator 
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has a tendency to make the equator approach towards the sun’s place, or to di- 
minish the angle of the sun’s declination, by making the earth’s axis to turn 
round . its centre in the plane of the circle of the sun’s declination. 

The earth has then, at every instant, 2 motions of rotation ; one about the 
axe- of tl>e. equator, called also the earth’s axe; and this is the diurnal motion, 
which is uniform ; the other motion of rotation is performed about the axe of 
the circle of the sun’s declination, which is a diameter of the equator ; and this 
motion is produced by, the action of the sun on the redundant matter about the 
equator, and is continually accelerated from the continual application of the 
solar action producing it. 

The point b, fig. 9, pi. 9, which is the intersection of the circumference of 
the equator and the circumference of the circle of declination, has. 2 motions, 
whose directions are perpendicular to each other. Let Be be the space which it 
ryns through in an instant, in the circumference of the equator, by the uniform 
diurnal; motion, and let ei be the space it runs through in the same instant, in 
the circumference of the circle! of declination, by an accelerated motion, as has 
been explained. The point b, in virtue of these 2 motions Be and es, will not 
circulate either in the circumference Be os' q'e of the equator, or in the circum- 
ference E.pp'p'E.of the circle : of declination ; but, forming the rectangular paral- 
lelogram Eee%, the diagonal Be' will be. the elementary arc of the circumference 
Ee'qB / , in .which the point e will circulate, and the angle eBe' will be equal to 
the angle ocq, and equal to the angle p'c'p', which the pole p' runs through in: 
an instant in the. circumference p'p'pqpctV, whose plane is perpendicular to the 
plane of the circle of declination ; and when the lines se, be are known at every 
instant, p'p' will also be known, since the angle eBe'- is = to the angle cicq = to. 
the angle p'cp'. 

The instantaneous motion of the pole, which is p'p', or pp, may be resolved- 
into two, pr and pm, perpendicular to each other, and both to. the earth’s axe. 
The former causes the pole p to move parallel to the ecliptic T 25 — X5\ and- 
alters the place of the solstice 25, and consequently also that of the equinoc- 
tial points Y and ; the latter, which is according to pm; alters- the inclination 
of the earth’s axe to the ecliptic. 

To have the motion of the pole parallel to the, ecliptic, or, which is the same, 
the motion of the node Y> or the precession, in the same time that the sun 
passes from the equinox Y to the solstice 25, take the integral pf the lines pr, 
supposing pr generally to express the instantaneous precession for any declination 
of the sun s. ■ J ' 

Apd to have the alteration of the inclination in the same time that the sun is- 
passing from Y to 25, take the sum, or the integral of the lines pm, supposing 
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nt generally to express the instantaneous alteration of the inclination of die 
earth's axe to the .ecliptic for any given de c l i n a ti on of the sun. 

The sum of the lines pr is always the same, and has the same sign, or the 
same direction, during every quarter of the sun’s revolution, whether he moves 
from y to 25, or from 25 to tat, or from A to V?, or from V? to y ; so that 
the precession answering to any one quarter of the sun’s revolution about the 
earth, or to 3 months, being known, that multiplied by 4 will be the annual pre- 
cession? by 8 will give it for 2 years ; by l6 for 4 yearn, &c. 

Likewise the sum of the lines pm is ever the same for every quarter of the solar 
revolution ; but it has alternately a contrary sign ; that is, a contrary direction. 
During the quarter from y to 25, the alteration of the inclination of the earth’s 
axe to the ecliptic is positive, and the angle of the inclination increases ; but 
during the succeeding quarter, or from 35 to the alteration of the inclination 
is negative, and the angle of the inclination diminishes: and as the diminution 
from s to f£h is equal to toe augmentation from y to 25, it follows, that at 
the end of the setm-revokition the inclination of the earth’s axe to the plane of 
the ecliptic will beeome again the same, having undergone an oscillation, which 
is completed in a semirevolution . It is the same, when the sun passes from 
to y. The angle of the inclination increases from =0: to V?, and decreases from 
Vf to y, where it becomes again toe same as it was at «£>. 

And hence the inclination of the earth’s axe to the ecliptic may be considered 
as constant, though subject to this oscillation, and indeed to several others, they 
being aH regular, and performed in regular periods. The earth’s inclination to 
the ecliptic being constant, and the motion of the pole which produces the pre- 
cession, being always parallel to the plane of the ecliptic, the earth’s pole moves 
in a parallel to the ecliptic, about 23-j- degrees distant from the pole of the eclip- 
tic^ and the terrestrial axe describes a conical surface. To this motion of the 
terrestrial axe, or pole, is to be ascribed the apparent motion of the stars about the 
pole of the ecliptic. 

But hitherto we have not considered, that to the precession, thus caused by 
the sun, we are to add likewise that produced by the moon ; and it remains, that 
we examine into the motion of the earth’s pole, caused by the action of the moon 
on toe redundant matter about the- earth’s equator. Now aH that has been said 
oenceming the sun, is alike applicable to toe moon, which we may put in the 
place of the sun ; the moonfe orbit in the place of the ecliptic ; and the time of 
the moon's revolution round the earth in the place of the revolution of the sun 
round the earth : and we shall find the motion of the earth’s pole parallel to the 
lunar- orbit, which is always the same at e very quarter of the time of the revol u tion 
o£ the moon round the earth, and the oscillation of the earth’s axe to the plane 
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of the lunar orbit, which is completed -at each serrarevdlntion of the moon wand 
the earth. 

But whereas the plane of the lunar orbit, which is always inclined to the plane 
of the ecliptic in an angle of about 5 degrees, never croniaioes in a> constant po- 
sition,, like the plane of the ecliptic, so that its pole describes a small circle paral- 
lel to the ecliptic, at the distance of about 3 degrees torn- its pete'; it follows-, 
that the precession* with respect tor the tortar orbit,, is not the same as with re- 
spect to the ecliptic.; and that the motion of the pole parallel' to the hmar orbit 
should, be referred to the plane; of the ediptie - which is* done by resolving the 
motion of the pole, parallel to the 1 plane of the hmar orbit, into’ 2 motions, the' 
one parallel to the plane of the ecliptic, and the other pevpen&cidar to it, and im 
the plane of the saktidal- col ere; 

The fonmer of these 2 motions gives: foe precession witto respect to the eclip- 
tic, and has its direction- always the same way- The; latter jwotibnha^ 2 opposite’ 
directions, in the 2 semiretolations- of. the pole of the- kmar orbit round foe pote’ 
of the ecliptic, andi causes aa oscillatiom of the: terrestrial axe on the plane of the’ 
ecliptic, which. » completed in a aerolutioa of foe pole of foe; lunar orbit- round! 
the pole of the ecliptic. 

From whafchas been said^. if follows* that there, are 5 dtefotat motions of the 1 
pole of the; earth.; namely, 2r of precession, which am parallel to the plane 1 of the ' 
ecliptic, and 3 of oscillation: oa the plaue of thc ediptic. The 2- of precession are' 
caused, the one by the sun,, the other by the mooiu. That which* i« : Caused 1 by- 
the- sun is. constantly the same, at every quartfen of the time of foe revolution* of 
the sun. round fcheeanth*;. that is^ every 3 month*:; that; which- is caueediby the’ 
moon,, is. constantly the same ah every quarter of the time- of foe* revolution of 
the. moon* round, the- earth ;; that is* about every 7 daysu 

Q£ the:3 motions of oscillation; one is caused by the son,- and: i* completed 1 in- 
the time of the semirevolutionj of the amt;, round; theearth, taken- from one 1 equi- 
nox; to- the followi ng one ; , that is;, int 6/ months. Another' isi caused by tbemoofi ; 
and. each oscillation is compteted .imthe' space of a semirevolution of the mootV 
round the earth . thatc is; in 14>daysK, The thind'i# caused likewise by'the' moon, 
and arises from the plane ofl her; (Mbit being-different from* foe plane’ «f the edip-' 
tic, and from the pole of the lunar orbit making its revolution about the pole of 
the ecliptic* in about- T8£- years. And this oscillktion is completed in the time of* 
the revolution oftfte-pole of the lunar orbit about the pole of tfie ecliptic; that 
iaj, im about. 18$] years-. . 

Ik will! appear in> the memoir, . that there- is a relation 1 purely geometrical be- 1 
tween; foe quantity, of the; nutation;, during the time of? foe semirevolbtfonof the 
pole of the lunar orbit,, and the qnsmtity of the precession; caused 1 likewise by foe' 
moenJmtfae same time;. TbSs reiatiemi* epaite-- independent 1 offoeforceeffoe 
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Inooiij, .of the quantity of the earth’s flatness, of thequantity of the terrestrial 
matter, and indeed of every thing of a physical nature that can enter iritn the 
problem.: 

. We are content to examine the motions of the pole of the earth produced by 
the. suu and the moon. The same method, and the same formulae, will give 
likewise the motions of the terrestrial pole arising from any other planet, as Sa- 
turn, Jupiter, &c. but these motions are too minute to merit attention. 

Whatever has been said of the action of the sun on the redundant matter 
about the earth’s equator, is also applicable to his action on a simple ring placed 
at the equator, without adhering to the terrestrial globe ; and the motion of the 
pole of such ring may be determined by the same method, and Consequently the 
motion of its nodes on the plane of the ecliptic, and the alteration of the inch- 
nation of its axe to the same plane. And since these motions are the same, 
whether the ring be supposed entire, or a small portion of it only be considered, 
or a mere point of it, the motions of the nodes, and the alteration of the inch- 
nation of a moon, or a satellite of a planet, may thereby be known. And the 
formulas differ in nothing from those of the motion of the nodes of the earth’s 
equator, and of the alteration of the obliquity of the earth’s axe to the plane Of 
the ecliptic, but in this, that the action of the sun on the ring to make it turn, 
is exerted entirely on it; whereas, in the problem of the precession, this force i 
must necessarily be distributed throughout the whole mass of the earth, on ac- 
count of the adherence of the ring to the globe of ihe earth. 

As. tp, the division of the. work, this memoir is divided into 4 sections. The 
1st section treats of the motion of the pole of the terrestrial equator caused by 
the sun. The 2d section treats of the motion of the pole of the terrestrial 
equator caused by the moon. The 3 d section treats of the motion of the pole' 
of a ring, or of the orbit of a moon, caused by the sun. The 4th section con- 
tains the application of the formula! found in the other sections. ’ ■< ! t 

Butas there’are some inaccuracies inthis very long and intricate treatise, and as' 
its objects may be better answered by the first part of Mr. Thomas Simpson’s 
Miscellaneous Tracts, on the same subject, printed in 1757, it is deemed unne- 
cessary to reprint this treatise, which will not admit of abridgment. 

L1X. On the Ages of Homer and Hesiod. By George Costard, M.Ai in a 
Letter to the Earl of Macclesfield, F.R.S. p. 441. 

It seems to be an opinion pretty generally received, that Homer and Hesiod - 
livqd much about the same time. What that age was, is indeed not at all agreed 
on among writers ; the only thing in which they conspire being, as Mr. C. thinks, 
4 o place both of them much earlier than they ought to have done. 

Among the ancients* Velleius Paterculus says, that Homer lived 950 years 
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before his time. This author dedicates his history to the consul Vinicius, who 
is placed in the fasti consulares a. v. c. 782, which is a. d. 30. So that, ac- 
cording to this computation, Homer must have flourished about the year before 
'Christ 920. And with this account agrees pretty nearly the Parian marble. 
Herodotus, according to our present copies of him, places Hesiod and Homer 
not more than 400 years before his time. Herodotus, according to A. Gellius, 
was 53 years old at the beginning of the Peloponnesian war, or the year before 
Christ 431. And if to this we add 400 years, we shall have the year before 
Christ 831 ; about which time consequently, according to him, both Homer 
and Hesiod must have flourished. 

Among the modems, Petavius places Hesiod a. p. j. 3714, or about the 
year before Christ 1000: and in his Rationarium Temporum, he says, that 
Hesiod was contemporary with him, and that this ex Arcturi ortu, quern poeta 
iste describit, eruditi artis illius colligunt ; and in the margin refers to Longo- 
montanus in his Astronomia Danica. With Petavius agrees very nearly Palme- 
rius, as cited by Dr. Hyde in his notes on Ulug Beigh, though Sir Isaac Newton, 
whose authority with some persons is decisive, tells us, that from the achronical 
rising of the same star it follows, that Hesiod flourished about 100 years after 
the death of Solomon. This again he places, in his short chronicle, in the year 
before Christ 979; from which, if we subtract 100 years, we shall have the 
year before Christ 879, when, according to him, both Hesiod and Homer, if 
contemporaries, must have flourished. In what manner Sir Isaac Newton com- 
puted this, or ^whether indeed he ever computed it at all himself, is not, at least 
publicly, known. It is probable he only followed some one else ; and therefore 
without derogating in the least from his authority, or thinking it a failure in re- 
spect to the memory of the greatest man that ever lived, I shall consider a little 
how far the age of these poets may be determined, with any certainty, from this 
achronical rising of Arcturus. 

Longomontanus, in his Astron. Danic. supposes Hesiod to have flourished 
about the year before Christ 77®, when he makes the place of Arcturus nj> 12° 
16', the place of- the sun’s apogee y 20® 10', and his place, 60 days after the 
winter solstice X 1° 10'. In the year after Christ 1610, he says the place of 
Arcturus was ^ 18° 47'; so that from the year before Christ 776, to the year 
lfllO, Arcturus had moved through 36° 31' = 131460*; which divided by 2386 
the number of years elapsed, gives the annual motion of the fixed stars 55*. But 
as he makes the annual motion of the fixed stars 49* 45'", or 1° in 7 2^- years $ 
55* will, according to hhn, require about 2658 years. So that Hesiod, accord- 
ing to his computation, must have lived about the year before Christ 1048; un- 
less, as he seems to suspect, that poet describes the rising of Arcturus, not as it 
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was in his own time, but 272 years before. So that from hehce we see nothing 
certain can be concluded with regard to his age.- 

Kepler, in his Epitom. Astronom. supposes that from the time of Hesiod to 
the year after Christ l6l8, are 2400 years, and that the annual motion of the 
Jixed stars is 51*, which, in 2400 years, gives 34°. From which,- and several 
other assumptions, he concludes, that in Hesiod's time Arcturus rose achroni- 
cally March 3, in the Julian year reckoned backward, when the sun was in 
* 5 ° 11 '. ( 

Riccioli, in his Almagest, supposes, that Hesiod flourished about the year 
before Christ 775, when the place of the sun’s apogee was y 20°; and therefore 
the sun’s true motion for 6o days was 6l° 10', which added to the place of the 
winter solstice, or the beginning of V?, gives the sun’s place ^ 1° 10', the point 
opposite to that point of the ecliptic which rose along with Arcturus, or TJg l* 
10 '. Hence he computes the place of Arcturus to have been BJ> 12° 15'. But 
at the end of the year 1644, the place of Arcturus, he says, was 1 8° 19 ' ; 
therefore from the time of Hesiod, before assumed, to the end of the year 1 644, 
that star had moved through 36° 4'. But this it would do, he says, in 2597 
years. From which therefore subtracting 1 644, there remains the year before 
Christ 953. He concludes therefore, as Longomontanus suspected before, that 
Hesiod speaks of the achronical rising of this star, not as it was in his own time, 
but two centuries before. Besides, as the refraction of Arcturus would accelerate 
his rising, and the sun’s refraction would retard his setting; and as the time of 
the solstice was then known, at best, but in a very gross manner ; he is of opi- 
nion, that this method is not much to be depended on ; contrary to what Scaliger 
and Vossius both thought. 

As there are however several errors in this computation, it may not be amiss 
perhaps to form another, on supposition, with Sir Isaac Newton, that Hesiod 
flourished about the year before Christ 879, or in round numbers the year 880 r 
and let us see what will be the result of it. At the end of the year } 689, the 
place of Arcturus, in the British catalogue, was & 19*53' 52', or 6* 19° 53' 
52* ; and from the year before Christ 880, to the end of the year 1689, are 
2569 years, the precession for which time is l* 5° 40' 50* ; this, subtracted from 
the place of Arcturus 6* 19° 53' 52*, gives his place,- in the year before Christ 
880, 55 5* 14° 13* 2*. The latitude of this star is, in the same catalogue, «= 
30° 57'- Hence is computed the declination of Arcturus — 34° 22' 40*, and his 
right ascension 180° 37' 10*. 

Where this observation on Arcturus was made, is not said ; we may suppose 
it to have been at Ascra, where Hesiod’s hither lived, S6 he tells us himself. But 
as the situation of this place is not very well known, we may, without any sen- 
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sible error, take Athens; whose latitude is made, by the best modem geogra- 
phers, 38° 5' north. Hence is computed the oblique ascension 148° 12'. 

In the year before Christ 880, the time of the winter solstice was December 
29, at 15 miuutes past 6 o clock in the morning, according to the vulgar reck- 
oning; or, in the astronomical account, 28 d 18 h 15 m ; and 60 days after this 
brings us to Feb. 27, when the sun’s place was 11‘ 0° & 23 # ; his declination 
south 11° 27' 1©^; his right ascension 332° 11' 56*; whence we have his ascen- 
sional difference = 9 0 8' 15''. Hence is computed the time of Arcturus’s rising, 
viz. 5 h 42 m 47*. By this it appears, that at Athens, in the year before Christ 
880, and 60 days after the winter tropic, the star Arcturus rose at 19 ra 20* after 
sun-setting. ' 

Bat if we would inquire the time when it rose achronically, in the proper 
Sense of the wend, we shall find it to be that year March the 3d. But though 
this is what is properly meant by achronical rising; yet as a star at that time is 
invisible, and consequently can be no rule fbrliyisbandmen, for whose use these 
observations were intended; there is another achronical rising, called the appa* 
rent one : this is. when a star first appears above the eastern horizon after sun- 
set; which therefore requires some certain depression of the sun in the opposite 
part of the heavens, more or less according to the magnitude of the star required, 
to become visible. 

It was said before, that in the year before Christ 880, Feb. 27, Arcturus rose 
at Athens 19“ 2 O* after sun-set; but whether this, though a bright star of the 
font magnitude, could be seen there so soon in the eastern horizon as even at 
30 min. past sun-set, may well be questioned : and therefore Feb. 27, or the6oth 
day after the winter solstice, could not be there esteemed the day of the apparent 
achronical rising of Arcturus. 

I have hitherto, says Mr. C., called it the star Arcturus ; but it is not im- 
probable that Hesiod meant the whole constellation Bootes. He calls it indeed 
AXTHP, and that word, according to Macrobius, signifies only a single star. 
But whatever it might do in his time, it seems evident, that among the ancients, 
and especially the poets, that distinction was not always nicely observed. If this 
therefore should be the case with respect to Hesiod, the time of this rising of 
Arcturus will be something more indeterminate, as a constellation cannot rise all 
at once, new is it now known how many stars this constellation in particular was, 
in those early times, supposed to consist of. 

But further ; it has been hitherto taken for granted, that Hesiod is to be un- 
derstood as speaking of Ascra, or some place in the neighbourhood of it ; but 
this also is uncertain : for it was no unusual thing with the ancients to set down 
.in calendars, of this sort, observations on the risings and settings of the stars 
made in very distant tin\es and countries ; the latitudes of places being unattended 
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to, and the slow motion of the fixed stars about the poles of the ecliptic un- 
known, and indeed unsuspected, or disregarded afterwards, when it became sus- 
jjec'ted. But though we should grant the place of observation to have been at, 
or near Ascra, yet there will still remain a difficulty with respect to the time. 
In the computation before given, it has been supposed, that Arcturus rose there 
achronically on the 60th day from the solstice, exclusive of the solstitial day it- 
self; but as the particle y.ir» is sometimes taken inclusively, we may reckon the 
day of the solstice itself one of the number, which, consequently, will bring us 
only to Feb. 26. Besides, what has been said, has been built on the suppo- 
sition that the day of the solstice was then precisely known ; a thing however 
not hastily to be granted. The inaccuracy of observations, and the want of 
proper instruments, in times much later than this we are here speaking of, would 
incline us not to attribute too much to them, in a case of so much nicety. 
Since then we find the solstice fell out so early in the morning ; either Decem- 
ber the 28th or 2Qth might have been taken for the solstitial day ; and accord- 
ingly 60 days after will be either February the 26th or 27th. But as the sun’s 
change of declination, at that season of the year, is very slow ; an error of a day 
or two, or more, either forward or backward, (a thing by no means impossible) 
will bring us to February 25 or 28, which is a difference of no less than 4 days. 

But if such mistakes could be committed at this time, how little must we sup- 
pose the true time of the solstice known, so early as the year before Christ 880. 
Not however to assume too much, let us suppose a mistake of 2 days only, in 
the rising of Arcturus. By calculating as before, we shall find. that a. c. 1689, 
the point of the ecliptic rising along with Arcturus, in the latitude of Athens, was 
^ 10° 35' 55", the point opposite to which is If 10° 35' 55 But this point 
tne sun entered that year March 20, when consequently Arcturus rose there 
achronically ; but in the year before Christ 880, as before observed, Arcturus 
might be said to rise achronically there March 2 : this gives a difference of 18 
days in 2569 years ; whence a difference of 2 days will give 285 years, which 
subtracted from the year before Christ 880, will give the year before Christ 5g5, 
for the time erf Hesiod, and consequently of Homer too, if contemporary with 
him, for' any thing that can be gathered to the contrary from the achronical 
rising of Arcturus. 

Having now shown, in this manner, what little precision there is in this ar- 
guhient, I might, as I at first intended, take my leave of the subject, and refer 
the settling the age of these two poets to authorities of another nature. But as 
the favourers of their high antiquity may be startled to hear that their age may 
be brought down so low as the year before Christ 5Q5, I shall add something in 
confirmation of this date to show that it is not so unreasonable as at first sight it 
may appear. _ 
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[Mr. C. then quotes a* number of passages from the ancient poets, alluding to 
astronomical observations, which he thinks renders the last-mentioned date not 
improbable.] 

As a further confirmation that we are not very wrong in placing the age of 
these two poets as we have done, it may be remarked, that in the description 
given by Hesiod of lucky and unlucky days, he tells us, rpmx »S» pmvo? apm-mn. 
But the first person, among the Greeks, that called the last day of the month 
by that name, or that used the word TPOIIAI, if we believe Laertius, was Thales. 
Neither Homer nor Hesiod therefore, if this observation be true, can be older 
than Olymp. 35, 1 , or the year before Christ 637, when that philosopher was bom. 
But as it must have been some time before he could apply himself to astronomi- 
cal studies, and probably not till the middle part of his life, or about the year 
before Christ 600, the Odyssey could not well have been composed before. 

But Pisistratus, as we are informed by Tully, first collected Homer’s verses, 
and digested them in the manner we now have them. And Solon, according to 
Laertius, proved the right of the Athenians to the island Salamis, from these 
lines of the Iliad : 

Ai*f fix XccActfMVot iytv tvoxalStxa *ii«(, 
lT>i<ri f ayvvf *■>’ Ain»»tu>i> 7<rratr« (fixxyytf. 

Solon, according to Laertius, flourished about Olymp. 46, and in the 3d year 
of it was archon, and published his laws. This was the year before Christ 59O. 
What his age was at that time, he does not tell us, but that he was 80 at his 
death; which by Plutarch, in his life of that lawgiver, is placed Olymp. liii. 3, 
or the year before Christ 562. If so, he must have been about 52 the year that 
he was archon. And that he could not have been very young then, is plain, 
from the post and credit he was in. On the expiration of his archonship, as we 
are informed by Plutarch, he travelled for 10 years, and returned an old man, 
as indeed he was, being now about 62 years of age:, this was the year before 
Christ 580. During this interval, it is highly probable, he had his interview 
with Croesus, and brought back with him to Athens, Homer’s poems, which he 
might meet with at Smyrna, or some other of the Ionian cities. On his return, 
he found his country tom with factions, and that Pisistratus had formed the de- 
sign of making himself master of the state, which he soon afterwards effected. 
What year this was in is uncertain. The Oxford marble places it, as does Plu- 
tarch, in the archonship of Corneas, which is supposed to concur with Olymp. 
liv. 4, or the year before Christ 557. But Tatian, Clemens Alexandrinus, and 
Scaliger, among the moderns, fix the government of Pisistratus to Olymp. 1. or 
577 years before Christ. And this indeed agrees best with Plutarch ; who says 
that Pisistratus, after seizing the administration, * honoured and esteemed Solon, 
and often sent for him, and advised with him.’ 
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In what year Pisistratus digested Homer’ s poems, is not said ; but it was pro- 
bably some time while he was in credit; and therefore it is likely about this 
very year 557 before Christ. 

On the whole, says Mr. C. I think it may be concluded, with a good degree 
of probability, from what has been here laid down, that the Iliad and Odyssey 
were both composed about the time of Cyrus, or the year before Christ 558, if, 
as the ancients generally do, we make his reign to commence from his taking of 
Babylon. And since those that make Hesiod the elder of the two poets, place 
him but a few years earlier than Homer, not enough however to cause any ob- 
servable change in the rising of the fixed stare; we may take the difference, at a 
■medium, at 20 or 22 years ; which will bring us to the year before Christ 580, 
for the time when Hesiod flourished. 

The only difficulty tliat I think can be made to this, is, how to reconcile it 
with the express testimony of Herodotus to the contrary. In his life of Homer, 
he places him 622 years before the expedition of Xerxes into Europe ; but in his 
history he says, both Homer and Hesiod were not more than 400 years before 
his time ; that is, since there were but 50 years between the Peloponnesian war 
and the battle at Salamis, little more than 450 years before the same expedition. 
-Scaliger, in his notes on Eusebius, corrects the former passage of Herodotus by 
the latter; and, instead of reads *Trp«xe<n*; which will place Homer 

-about the year before Christ Q02, consistent enough with Paterculus and the 
marble, but different from his history by 7 1 years. Whether this correction Of 
Scaliger’s be right, or not, I shall not here stand to inquire ; but I am apt to 
think the word T»7*>c*<r/oi<ri itself, in Herbdotus, is corrupt. 

The Greek chronology, like that of other nations, has been generally carried 
up too high; the natural consequence of ignorance, and a defect of memoirs. 
This is only now to be corrected by persons of learning and abilities, capable of 
examining and comparing things with each other. 

LX. An Additional Remark to one <f Mr. W. Watson , F. R. S. in his Account 

of the Abbe Nollet's Letter on Electricity. By T. Birch t * D.D. Sec. R.S. 

Mr. Watson, in a note upon his account of the ninth letter of ■ the Abb£ 
Nollet concerning electricity, read before this Society on the 17th of May 1758, 

* Dr. Tho. Birch was born at London in 1705. His parents were quakers, and they intended 
him for trade 5 but the love of learning prevailed, in which he was permitted to pursue his inclination, 
on condition that he should provide for himself. Hence be became usher successively in three Schools 
kept by qufckers. Having quitted* the Society of the Friends, however, in 1730 he was ottUieed 
deacon, and the nfcxt year priest \ about which time he obtained a living in Gloucestershire, and 
afterwards that of Ulting in Essex. In 1734 he became domestic chaplain to Lord Kilmarnock, who 
was executed in 1740 for his share in the rebellion. In 1735 Dr. Birch was elected r. r. s.and f. a. s. 
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takes notice, that as the electrical attraction has been observed so early, as to be 
mentioned by Theophrastus ; so its luminous appearance, though only considered 
as a meteor, is mentioned by Plutarch in his life of Lysander, Pliny, and other 
ancient as well as some modern authors. Seneca particularly affirms, that Gy- 
Jyppo Syracusas petenti visa est Stella super ipsam lancem constitisse : and that in 
Komanorum castris visa sunt ardere pila, ignibus scilicet in ilia delapsis. Caesar, 
in his history of the African war, says, in a violent stormy night, Legionis pi- 
lorum cacumina sua sponte arserunt : and Livy mentions two similar facts. To 
these may now be added one from Mr. Fynes Moryson, who in his Itinerary, 
observes, that at the siege of Kingsale by the lord deputy Montjoy, where Mr. 
Moryson attended him in the camp, on the 23d of December 1601 , all the 
night was clear, with lightning, as in the former nights were great lightnings 
with thunder, to the astonishment of many, in respect of the season of the year, 

* that this night our horsemen set to watch, to their seeming, did see lamps 
burn at the points of their staves, or spears, in the midst of these lightning 
flashes . 9 

JuXI. Extract of a Letter of the Rev . Joseph Spence , Prof, of Modern History 
in the University of Oxford, to Dr. Mead % F.R.S . Dated By feet near Wey- 
bridge , Surrey, Decemb* 7, 1753. p. 486. 

I haye lately received a letter from Signor Pademi at Portici ; in which, speak- 

and at the same time obtained the degree of m. a. from Aberdeen. In 1744, be was presented to tbe 
rectory of St. Michael, Wood-street j and about 2 years after, to that of St. Margaret Patteus. In 
1752 he was elected Secretary to the n. s.$ and the next year had the degree of d. d. conferred on 
Aim by the Archbishop of Canterbury. In 1761 he was presented to the rectory of Depden in Essex. 
But in 1766 he died, suddenly by a fall from his horse. 

Dr. Birch was moderately learned, and of rather slow parts ; but he was an exceedingly industri- , 
ous and indefatigable compiler* and a very useful secretary to the n. s. He bad a considerable share 
in compiling the General Dictionary, historical and critical, 10 vols. folio ; and he published the lives 
of Mr. Boyle, Archbishop Tillotson, Henry Prince of Wales, and other works of a similar kind. He 
also wrote an Inquiry into tbe Share which Charles the 1st had in the Transactions of the earl of Gla- 
morgan, 8 vo, 174*7. But by far his most useful work, was the History of the Royal Society, in A 
vols. 4to, 1756, &c. This work he was enabled to compile by his situation of Secretary to the r, s., 
which gave him access to the archives of that learned body, whence he extracted and published what 
-may be deemed the real Transactions of the Society* being the minutes and records from the books 
kept by tbe committee, by whom all the real business of the Society is, or ought to be, conducted.. 
.Thus we have in this work a curious and useful detail qf the Society’s concerns, from the beginning 
of the institution to the end of the year 1687 > and probably would have been continued to his own 
time had his life been longer spared. And it would be a most useful and meritorious service, if that, 
curious work were continued to the present times, by some other secretary of the Society 5 for no* 
-person ean execute that task, but such as can have access to the minute books of the committee. 

Dr. Bw bequeathed his books, *ss., and a legacy of s£500 to the British Museum, the capn ey to 
go towarcU increasing the stipend of the two assistant librarians. 
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ing of the publication of the antiquities found at Herculaneum, he says, Spero 
che il primo tomo non tarderil molto tempo ad uscire ; and then mentions some 
particular things that had been lately discovered among the ruins ; a little brass 
bust of some unknown philosopher, of the manner excellent, and is perfectly 
well preserved : a statue of an orator, in marble ; and another brass bust, on a 
term, of a youth, with very beautiful hair, and the whole excellent. The artist 
has put his name to the latter, AIIOAAX1NIOE APXIOT A0HNAIOZ EIIOIHXE. 
He says, that the workmen were then just entering on some nobleman’s house, 
as appeared by the rich Mosaic pavements, &c. and that they were in hopes it 
would prove a very good new mine. 

LXII. On the Value of an Annuity for Life , and the Probability of Survivor- 
ship. By Mr. James Dodson, p. 487* 

The writers on the subject of annuities on lives have justly distinguished them 
into 2 kinds : in the first, the annuitant is entitled to receive a payment, if he 
be alive on the day on which it becomes due ; but if he dies on the preceding 
day, or sooner, his heirs have no claim to any part of the payment, so to have 
become due ; but in the second, if the annuitant dies at any intermediate time 
between the days of payment, his heirs are to receive a part of the annuity, pro- 
portional to the time elapsed between the preceding day of payment and the an- 
nuitant’s decease. This latter kind of annuities have been distinguished from the 
former, by the words, secured by a grant of lands ; because, where lands are 
leased for lives, the conditions are generally such as are above described. 

The values of the first kind of annuities have been investigated on principles 
purely arithmetical ; but in order to perform the latter, fluxions have been used, 
Mr. D. conceives, without any necessity : but as the investigation of the former 
may be usefully made a part of the latter, he first recites the method of perform- 
ing that, and then proceeds to attempt the other on the same principles. 

If, with De Moivre, we suppose the decrements of life to be equal (viz. 
that out of a number of persons, alive at a given age, equal to the number of 
years that a person of that age has a possibility of living, there will die one in each 
year, till they are all extinct); then, out of a number of chances equal to that 
number of persons, which may, for instance, be 36, all but one are favourable^ 
in the first year, to any individual ; and consequently it is 35 to 1 that he receives 
one payment of the annuity, by living till it becomes due ; that is, the probability 
of his receiving it, is ffr, and of not receiving it, -jV 

Again; since, by supposition, there dies but 1 person in the first year, and 1 
in the 2d ; there are but 2 chances, in the 36, against his receiving the 2d pay- 
ment, by living till it beoomes due ; and consequently -g-f will be the probability 
of his receiving that also ; the probability of bis dying in that year being -jV, as 
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before. Thus too it may be proved, that the probability of his receiving the 3d, 
4tb, 5th, &c. payment, will be -ff, -H-, &c. and therefore, if the annual 
payments were each ll. and if the interest of money was not to be considered, 
we might conceive these several probabilities, as the present worths of the several 
payments, and the sum of them would be the value of an annuity of the first kind. 

But since the interest of money necessarily enters the process, and since the 
payments become due at the end of the 1st, 2d, 3d, &c. year, the first of these 
payments must be discounted for 1 year, the 2d for 2 years, the 3d for 3 years, 
&c. and the Sum of their present worths will be the value of an annuity of the 
first kind, to continue during the life of a person,who may possibly live 36 
years ; and this sum may be found by an easy and well-known process, from the 
common tables of compound interest and annuities, which need not be inserted 
here. 

The annuity secured by land must necessarily be of greater value than the 
above; because, though the annuitant dies before the payment becomes due, 
yet his heirs are to receive a part of it ; .the annuitant therefore, in this case, has 
not only the probability -fj- of receiving the first payment, but lie has also an ex- 
pectation on part of the probability fa, which in the first case was wholly against 
him. Now it may be esteemed an equal chance, supposing him to die in the 
first year, whether that decease happens before the expiration of half that year, 
or after it ; and if it happens before, he is to receive less than half the annual 
payment ; but if after it, more. 

The annuitant may therefore be supposed to have an equal chance, if he fails 
of receiving the whole first payment, yet of receiving half of it; and consequently 
half of the probability, fa, which was before totally against him, will in this case 
be favourable to him ; and his expectation of receiving either the whole, or at 
least half of the first payment, will be -§-£ + TT* So since the probability of 
his dying in the 2d year, is also TT> we may in the same manner prove, that 
one-half of it will in this case become favourable to him ; and consequently that 
.j-g. -g- fa will be the probability of his receiving the whole, or at least half, of 
the 2d payment. It appears therefore that for every year which he has the pos- 
sibility of living, he will in this case have the probability T ' f , or half of in his 
favour, more than he had in the former case; and ‘therefore, if the present 
worths of the constant sum ^q-l. (supposed to be due at the end of 1, 2, 3, &c. 
years) be found, and added to the value of the annuity, according to the former 
case, the sum will be the value of an antiuity, secured by land, to continue 
during the life of a person who may possibly live 36 years. 

Now since the sums by which the former annuity is to be increased, consist 
of the present worths of that fraction of a pound sterling, whose numerator is 
amity, and denominator twice the number of years that the annuitant can pos- 

▼ol. x. 3 M 
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sibly live, supposed to be due at the end of each of 1, 2, 3, ice. years; it wiU 
follow that their amount, or the difference between the values of the 2 annuities, 
will be equal to the quotient found by dividing the value of an anuity of ll. 
certain, for as many years as the annuitant can possibly live, by twice that num- 
ber of years : and therefore, if to the value of an annuity for life, of the first 
kind, we add the quotient so found, the sum will be the value of an annuity of 
the second kind, for the same life. 

When Mr. D. had thus investigated the value of this annuity, he compared 
the result with that M. de Moivre had deduced from fluxions, and published in 
N° 473 of the Phil. Trans.; and found that they agree to more than a sufficient 
exactness, for computations of this nature. He then annexes this comparison. 

The probability of any order of survivorship, that can happen among 3 per- 
sons, and consequently that of one person’s surviving 2 others, may likewise be 
investigated on similar principles, without the assistance of fluxions ; but as this 
problem admits of 6 cases, and the algebraic process is of a length too great for 
the designed limits of this essay, Mr. D. omits it. 

LXIJI. On the Pheasant of Pennsylvania * and the Otis Minor. By Mr. George 

Edwards, -f- p. 499 . 

What is called the pheasant in Pennsylvania, and other provinces of North 
America, belongs to that genus of birds, which in England we call heatboocks, 

* This bird is the Tttrao Utnbellus of Linaeus, and is extremely well figured in the 1st volume of 
Edwards’s Gleanings of Natural History, pi. 248. 

+ From the Memoirs of his Life, published in I77t), it appears that Mr. George Edwards was bom at 
Stratford, a hamlet belonging to West bam in Eases, on the 3d of April 1694 . He passed some ofbis 
oarly years udder the tuition of a clergyman named Hewit* who was then mater of a public school 
at Layton-Stone, a few miles distant from ihe village where be was born. After quitting the school, 
he was placed with another minister of the established church at Brentwood; and being designed by 
his parents for business, was put apprentice to a tradesman in Fendiurch-street. 

On the expiration however of his apprenticeship, he declined entering into business, and conceived 
e design of travelling, in older to improve hh taste, and enhnge tus mimd. He ikst visited HoHa&4» 
and afterwards Norway, and having gratified bis curiosity with the view of these legions, returned, 
and passed some time in his native place. He then went to France, where, on visiting Versailles^ 
he experienced great disappointment at finding that the Menagerie, once so celebrated, had at that 
rime no living creature in it, having been totally neglected since the death of Louis the 14th. On 
his return to England Mr. Edwards closely pursaed his favourite study of Natural Hhtary, employing 
himself in drawings of such animals as happened to fall ander his notice ; and the accuracy 

and elegance of his delineations was such as to make them highly interesting to those who cultivated 
similar pursuits. He therefore was induced to turn to advantage what was begun only for amuse- 
ment, and obtained a sufficient subsistence by the sale of his drawings. In December 1733, by the 
fecommeiidatvoB ef Sir Haas Stoane, he was chosen librarian of the College of Physicians ; an office 
peculiarly suited to his taste, as k gave him constant aeces to many works on the sabject of NatmwL 
History, which he might otherwise have found a difficulty of inspecting, la 1743 the first vol u m e 
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moor-game, or grouse. It is nearly as large as a pheasant, is of a brownish 
colour on the head and upper side, and white on the breast and belly ; it is beau- 
tifully variegated with lighter and darker colours on the back, and spots of black 
on the under side. Its legs are feathered down to the feet. This bird is wholly 
unknown to the curious of our country. It was sent to England, a year or two 
ago, by Mr. John Bartram, with ,a letter giving some account of it, and other 
matters ; out of which letter is extracted what follows : * our pheasant was wholly 
unknown to Catesby, it being more northern than Carolina, They have been 
common in Pennsylvania, but now most of them are destroyed in the lower set- 
tlements, though the bade Indian inhabitants bring them to market. When 
living, they erect their tails like turkey-cocks, and raise a ring of feathers round 
their uecks, and walk very stately, making a noise a little like a turkey, when 
the hunter should fire. They thump in a very remarkable manner, by clapping 
their wings against their sides, as is supposed, standing on a fallen tree. They 
begin their strokes at about 2 seconds of time distant from each other, and re- 
peat them quicker and quicker, till they sound like thunder at a distance, which 
lasts about a minute, then ceases for 6 Or 8 minutes, and begins again. They 
may be heard near half a mile, by which the hunters find them. They exercise 
their thumping in a morning mid evening in the spring and fall of the year. 
Their food is berries and seeds. Their flesh is white, and good. I believe they 
breed but once a year in the spring, and hatch 12 or J4 at a sitting ; and these. 

of bit HUtoiy of Birds w published j the reception of which was so highly favourable as to induce 
him to contioue it in a similar manner, dll in 1751 the fourth volume came from t&e press, accom- 
panied by a dedication to the Creator of the universe, in devout gratitude for all the good things he 
received m this world. 

In 1758 he continued bis labours under a new tide, vis. Gleanings of Natural History, containing, 
as before, various kinds of rare birds, quadrupeds, and other animals: a 2d volume appeared in 1700, 
and the 3d and last in 1704. The whole work therefore consists of seven volumes in 4to, containing 
engravings and descriptions of noless than 000 subjects in Natural History. To the work, thus com- 
pleted, Linnens added a list of his own trivial names. Ltnneus indeed appears to have entertained a 
very high esteem for Mr. Edwards, and to have considered his work as of the highest importance in 
Natural History, and, in the Systema Naturae, publicly declares its superiority over other productions 
of a similar kind. 

By the time Mr. Edwards had finished his Natural History, the decay of his sight, together with 
other infirmities of age, induced him to resign all further employment, and to retire to a small house 
which he purchased at Plaistow, Essex, where he continued to pass the remainder of his life, and 
died on the 23d of July, 1773, having completed the 80th year of his age. 

Mr. Edwards, we are informed, was of middle stature, rather inclined to corpulence \ of a liberal 
disposition and a cheerful conversation. AH his acquaintance experienced his benevolent temper, and 
his poor neighbours frequently partook of his bounty. 

In consequence of the merits of his publications in Natural History, Mr. Edwards was elected a 
r. r.s. He was also a r.A.s., as well as a member of several Academies in different parts of 
Europe. 

3 M 2 
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keep together till the following spring. They cannot be made tame. Many 
have, to their disappointment, attempted it by raising them under hens; but, as 
soon as hatched, they escaped into the woods, where they other provide for 
themselves, or perish.’ 

Mr. Brooke, surgeon of Maryland, says, * They breed in all parts of Mary- 
land, except near the eastern shores. They lay their eggs in nests made of dry 
leaves by the side of a fallen tree, or at the root of a standing one; they lay 
from 12 to 16 eggs, and hatch in the spring. I have found their nests, when l : 
was a boy, and have endeavoured to take the old one, but never could: she- 
would let me put my hand almost on her before she quitted her nest; then she- 
would flutter just before me for lOO yards, or more, to draw me off from hen 
nest, which could not afterwards be easily found. The young ones leave the nest 
as soon as hatched, and, I believe, live at first on ants and worms; when they- 
are a few days old, they hide themselves among the leaves, that it is hard to find 
them. When they are grown- up, they feed on the berries, fruits, and grain, of 
the country. Though the pheasant hatches many young at a sitting, and often 
sits twice a year, the great number and variety of hawks among us, feeding on- 
them, prevents their increasing fast. The beating of the pheasant, as we term* 
it, is a noise chiefly made in the spring by the cock birds. It may be distinctly- 
heard a mile in calm weather. They swell their . breasts like a pouting pigeon;, 
and beat with their wings, which sounds not unlike a drum. They shorten each* 
sound in a stroke, till they run into one another undistinguished.’ 

Lahontan, in his voyage to North America, vol. i, p. 6 ?, speaking of the. 
fowls about the lakes of Canada, mentions this same pheasant as follows:. 
“ Their flapping makes a noise like a drum, all about, for the space of a minute;, 
then the noise ceases for half a quarter of an hour, after which it begins again. 
By this noise we were directed to the place, where the unfortunate moor-hens 
sat, and found them on rotten mossy trees. By flapping one wing against the. 
other, they mean to call their mates, and the humming noise, thus made, may, 
be heard a quarter of a league off. This they do only in the months of April, . 
May, September, and October; and, which is very remarkable, a moor-hen 
never flaps in this manner but on one tree. It begins at break of day, and gives 
over at Q in the morning, beginning again an hour before -sun-set, and flaps its. 
wings till night.” This is all the light I could gather, relating to the pbeasant- 
of North America. 

The otis minor,* anas campestris, canne petiere, or the field-duck,, was taken, 
in the west of England, and laid before the Royal Society. about. 3 years ago:, 
and as no gentleman present knew the bird, Mr. Haukshee sent it- to .Mr. E.' 

* This bird is the otii tetrax of Linneus, aud is figured in the first volume of Edwards's G9e«D.-» 
ings, pi. 251. 
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who accordingly gave in what account of it he could collect from ornithologists,, 
having never seen the bird till then. He found- figures of it in Bellon, Gesner,, 
Aldrovand, Willoughby, Johnson,, and- others, with descriptions under the various 
names here given. Modem authors agree that this bird was unknown to the.: 
ancients. 


LX IK Ona Particular Species of Coralline. By Mr.J. Ellis , F.R.Si p. 504- 

Among the observations lately made on the marine productions, Mr. E. finds 
that many corallines,; as well as coralfc, are composed of a great number of tubes, 
which proceed from animals; and as these tubes are made of "different materials 
in different species, so are they disposed’ in a variety of different forms. Some- 
are united compactly together, as in. the red coral, see pi. 10, letter a; and in 
some, species of the white, as at letter b; in both of which they appear com- 
bined together, forming irregular ramifications, like trees: others rise in tufts, 
like groupes of the tubular stalks of plants,, distinct from each other.. Two 
sorts of these the fishermen frequently take up at sea in their nets, particularly 
near the buoy of the Nbre, at the opening of. the river Thames; when these 
are first taken out of the sea, , and’ immediately put into a basin of sea? water, . 
you may observe, that each tube has its proper polype sitting on it, of a most 
beautiful crimson colour. Letter d,*’ gives the figure of the largest kind, 
called* (in Ray’s Synopsis,, edl 3, p. 31) adianti auref minimi facie planta marina;, 
and -letter c is a smaller kind, called (in Ray’s. Synopsis, ed.’ 3, p. 3Q) .fucus dea- 
lensis fistulbsus laringae similis.. He calls this, species corallina tubularia meli- 
tensis, cum scolopendris suis, tentaculis duobus duplicato-pinnatis, instructis.'f*- 

On taking the tubes and animals of this curious Maltese coralline out of the 
spirits of- wine, where they had’ been preserved, he perceived :a small slimy bag,-, 
in which they seemed to be inserted,' and to take their rise from, as may be ob- 
served at letter d. What- has been the useof this bag -is uncertain, unless it was 
the matrix of several-of these seokpendras in their embryo state.. The tubes,, 
which are built by the inclosed animals, as they- rise in-heightj gently increase in 
diameter; the texture of. their outside coat is -formed of an ash-coloured earthy 
matter, of different shades in different strata, and closely united ’to an -inner coat, , 
which is. of. a tough, homy, transparent, and very smooth -substance; the cavity, 
or inside, of the tube, is -perfectly- round, though the animal -is of along com- 
pressed. figure, like a leech . extended-! It, appears, from -the. marks -of its feet on; 

•-Hie. specie* refined to- at letter D-is the tulmklrut indivua of Lidneaa. That-referred toat letter . 
6 it the tvMaria vuucoidet, Lipp. 

■t This is the tabtlla penicillut of Linneus. It is however more properly referred to the genus., 
am[hitrite, and it the ampkitrite vtntiiabrvm ef the Gmeliniaa edition of. the Systems Naturae.. 
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the inside of the tube, that it can turn itself freely about, and move up and 
down, the better to attack and secure its prey. 

This scolopendra has two very curious and remarkable tentacula, or arms, die 
left much larger than the right; these are doubly feathered, as may be seen, in 
the magnified part, at c ; the number of feet on each side of the body of this 
animal exceeds 150. 

' plate 10, will best explain the rest; where b is the belly part of the animal, 
in its natural size, hanging out of its tube, i is the same side of the whole 
animal a little magnified, a is the back part of the head of the animal, sitting 
in its tube, h is the back part of the whole animal a little magnified, e shows 
the inside of the tube with the strata, or rings, seen through the homy inner 
coat. 

The coralline called (in Ray’s Synops. ed. 2, p. 2 , and ed. 3, p. 30, N° 15) 
fruticulus marinus, cauliculis crassiusculis teretibus rigidis, pennatus,* which I 
have named the herring-bone coralline, and which is very common on oysters 
all the winter season, shows remarkably, by the help of a common magnifying 
glass, the tubulaiy structure, not only of some of the corals and corallines, but 
of the keratophytons, or sea feather; only with this difference, that the tubes 

the herring-bone coralline are of a spongy elastic nature, and always remain 
open; whereas the others, being of a more soft and viscid nature, by time, and 
the heat of the climate, are compressed together, and harden, some into stone, 
and some into ham or wood. 

At e is the natural appearance of the herring-bone coralline; and f and 6 the 
root, and one of the upper branches, are magnified, to show the tubes. 

LXV. Observations on the late severe Cold Weather. By William Arderon, 

F.R.S. p. 507. 

The observations were taken by thermometers exposed to the open air, in the 
garden, which varied sometimes 40 or 50 degrees in 24 hours; the cold coming 
as it were by fits, in an unusual manner. 

Dec. 80, at 1 1 o’clock at night.— -All the spirits in Hauksbee’s thermometer 
retired into die ball, and Fahrenheit’s stood at 20 degrees: at this time be let 
down a Fahrenheit's thermometer into the river, to the depth of 4 feet, during 
12 minutes, and when taken up it stood at 33 degrees. 

This same evening he exposed an open glass jar full of water, in the garden, 
to be frozen; and in the morning it was all solid ice, rising in the middle, in fi- 
gure like the frustum of a cone. He exposed also, in the same place, an open 
glass of ale, which froze even to the bottom, in a veryodd manner; for die 

* Sertvfaria Mtcmu. linn. 
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watery or weaker parts were frozen into- plates of ice, sticking to each other by 
their edges, the more spirituous parts remaining between them, in their inter- 
stices, unfrozen; which being drained off into another glass, the taste was almost 
as strong as brandy, with a high flavour of the hop. 

Dec. 3 1 . This evening the cold was the most intense observed this- season ; for 
at 10 o’clock Fahrenheit’s thermometer stood at 15 degrees. 

Jan. 1. This afternoon it began to thaw, and in the night froze again, by 
which, next morning, the buildings in general appeared as if they had been 
white-washed on the outside, being cased all over with ice; and the insides of 
garrets and outhouses were covered in the same manner. 

Jan. 31. He exposed a glass of proof spirits, impregnated with the essence 
or oil extracted from the peel of oranges,, at 10 in the evening,, in the garden, 
when Hauksbee’s thermometer stood at Q3°; at 8 next morning, he found it no 
Way affected by the frost; nor did there seem any difference either in taste or 
smell. Feb. 6- At 8 o’clock, he exposed in the garden a drinking glass of water, 
which was completely frozen over in one minute’s time; and in 15 minutes the 
ice was above -rV of an inch in thickness. Fahrenheit's thermometer then stood 
at 21 degrees- A coarse grey thread, 2' feet in length, being dipped in water,, 
froze in 4 seconds, so stiff, that he took it by one end, and held it upright, as- 
If it had been a piece of wire. 

.If any part of the human skin, the finger, for instance* was wet with spittle,, 
and immediately pressed on a piece of iron, in the open air, it would be frozen, 
so fast, as to stick to it; and, if plucked away hastily* would endanger the tear- 
ing off the skin from the flesh. He tried the same experiment on lead, but the 
sticking was much less; and to wood die finger did not stick at all. In some 
places the ice was 4- of an inch thick, for several days together, within-side of 
the windows, and that even in rooms where fire was kept; and when the weather 
beeame warmer* it did not foil in drops, but vanished imperceptibly into die air, by 
which it had been brought thither. These plates or cases of ice were sometimes 
an assemblage of an infinite number of particles not much unlike the scales of' 
Ashes; sometimes they resembled small spines, or the crystal shootings of various 
kinds of salts; and sometimes they represented a variety of landscapes with trees- 
and plants* from ] to 3 or 4 inches in length, in so beautiful a manner, as nei- 
ther pen nor pencil can express; 

LXVI. A Letter from M. de L' Isle, of the Royal Academy of Scienoee at 

Paris , to the Rev. James Bradley , D.D. Dated Paris, Nov. 90, 1752. 

Translated from the French. p..512. 

This- letter contains a comparison of Dr. Bradley’s observations of the planet 
Mars, with some corresponding observations made at the Cape of Good Hope 
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by Mons. de la Caille; from which he concludes, that the horizontal parallax of 

that planet, at the time of its opposition to the sun, is 27V 7 * 

And according to the ratio of the distance of the sun and Mars from the earth 
-at that time, he concluded the horizontal parallax of the sun to be about lOy". 
This 4s what he had been able to conclude from Dr. B.’s observations of Mars, 
with respect to the parallax of the sun. Having made the same calculations 
from his own observations, and those of other astronomers, which he could col- 
lect; he found very nearly the same parallax of the sun, by taking a medium 
among all the observations of each astronomer. 

LXVI1. Description of a Piece of Mechanism contrived by James Ferguson, 
for exhibiting the Time , Duration, and Quantity, of Solar Eclipses, in all 
Places of the Earth, p. 520. 

This machine may be seen described in Mr. Ferguson’s Astronomy, art. 405, 
where he calls the machine an eclipsareon, the figure of which is exhibited in 
pL 1 3 of that book. 

LXFIII. On the late Hard Weather. By the Rev. II. Miles, D. D., F. R. S. 

p. 525. 

This paper contains a few remarks on the very cold weather in Feb, 1754. 
The coldest day was on the 6th, about 7 in the morning, when the thermometer 
was at 1 5°. He observes that the time of the greatest cold, is usually from an 
hour to an hour and a half before sun-rise. 


JjXIX. A Catalogue of the 50 Plants from Chelsea Garden, presented to the 
Royal Society by the Company of Apothecaries, for the Year 1753, pursuant 
to the Direction of Sir Hans Sloane. p. 528. 

This is the 32d presentation of this kind, completing to the number of 1 600 
different plants. 

LXX. An Account of some Experiments on a Machine for Measuring the Way 
of a Ship at Sea. By Mr. J. Smeaton, F. R. S. p. 532. 

In the Philos. Trans. N° 391 , Mr. Henry de Saumarez gives an account of a 
machine for measuring a ship’s way more exactly than by the log. This machine 
consists of a first mover, in the form of the letter v. On the 2 arms of the 

y are fastened 2 vanes, inclined in such a manner that when the y is hauled 
through the water by a rope, fastened to its stem or tail, it may turn round, and 
of consequence endeavour to turn the rope round. The other end of the rope, 
being fastened to the end of a spindle capable of moving freely round, will be 
made to do so by the rotations of the y, communicated to the rope. A motion 
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"being thus communicated to a spindle within the ship, this spindle may be made 
to drive a set of wheel-work, which will register the turns of the y; and the 
value of a certain number of these turns being once found, by proper experi- 
ments, they are easily reducible into leagues and degrees, &c. The only diffi- 
culty then is, whether this y will make the same number of rotations in going 
tiie same spaoe, when it is carried through the water fast, as when it is carried 
slow. On this head Mr. de Saumarez, as well in the paper above-cited, as in a 
subsequent one published in Philos. Trans. N° 408, has given an account of 
several trials, which he has made of it, from whieh it appears, that this machine 
in part answers the end proposed, and is in part defective; the errors of which 
he supposes to proceed from the sinking down of the v into the water on a slow 
motion; the axis «of its -rotation being then more-oblique to the horizon, than in 
a quick -one. 

In a machine constructed like this, it is evident that the end of the spiindle, to 
which the rope is fastened, must be of sufficient strength and thickness, not only 
to hear the force or stress, that the hauling of the y through the water will lay 
on-it, in the greatest motion of a ship; but also to bear the accidental jerks of 
the waves. The thickness -of the spindle then being determined by these con- 
ditions; it is also manifest, that -to prevent the spindle from being pulled out of 
its place by the draft -of the rope, theremust be a shoulder formed on it, which 
must be greater than the part of the spindle before -described, for the spindle to 
bear against. The size that Mr. Saumarez proposes to give to his y, is 27 inches 
the whole length ; 1 5 inches for the length of the arms, -which are to he opened 
to a right. angle; 8 inches for the length of eaoh vane; 4-f inches broad, and 
the stems and shank to be -f of an inch thick. According to these dimensions, 
the resistance that this part of the machine will meet with, in -passing through 
the water, will, in the swift motions of the ship, be veiy considerable; conse- 
quently the necessary bulk of the pivot-end of the spindle, and its shoulder, will 
occasion a considerable friction in its turning, and retardation to the rotation of 
the machine. 

To cure these defects, as much as possible, instead of the y before described, 
Mr. S. made trial of a single plate of brass, of about 10 inches long, broad, 
of an inch thick, and cut into an oval shape. This plate being set a little 
atwist, and fastened by one end to a small cord, in the manner of the y, is like- 
wise capable of making a rotation, in being -drawn through the water; but with 
this difference, that as this is but a small thin plate .drawn edgewise through the 
water, its resistance, in passing through it, is much less; of consequence, a 
much smaller line is sufficient to hold it, which again considerably diminishes 
the resistance; and this of course proves a double diminution of friction in the 
spindle; first, as the pressure upon it is less; and, secondly, as it allows the 
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spindle and slioulder to be of a less diameter. To break, the jerks o£ the waves* 
next to the end of the spindle lie fixed a spiral spring of wire, to which the cord, 
was fastened; which, by this means, was capable of playing backwards and for- 
wards, and giving way to the irregularities of the sea.: and lest the plate should 
lay fast hold of any thing, or any extraordinary jerk should damage the spindle; 
or spring, a knob or button was fastened on the cord, at a smell distance. from* 
the spring, which stopped on a hole in a . piece of wood, and prevented the spring: 
from being pulled out to above a certain length ; ; so that all addition of force, 
beyond this, could only tend to break the cord, aod.carry away the plate. Tha 
spindle, being thus guarded from accidents, will allow of a stiU further, diminution; 
of its size; so that, at last, be ventured to make the sprudta-phrot no more tham 
.,y of an inch diameter, and that of the shoulder h being of tempered steely 
and sufficiently smooth. The hole, in which the pivot, and against. which tha 
shoulder worked, was of agate likewise, well polished. 

Being thus provided, in May 1751 , he procured a boat, on the serpentine- 
river in Hyde-park, to try how far the turns of the machine would: be consistent 
with themselves, when, the same space was . measured over with different velocities* 
The course was determined. at, each end, by observing the coiacidenceof twin 
trees, in a line nearly at right angles to . the river. We however rowed beyond) 
the mark, that the machine might be in foil play when the course was begun n 
the spindle was stopped at the beginning and end; tb$ numbers , read off wereaa 
follow : 

The space between the marks was, by estimation, about half- a:mife.- 

lst rowing up the river, in 11 min. the plate node 6lft rcuoU . > 


2d .. 

• • • • 4owa *■ r • 



3d . . 

. - . . up 



4th... 

. ...down .. . 

* r • 


5th. . 

^ * A to UP m. m m m-, m 

IQ 

6ao 

6th.. 

* 9 9 W f * T f 

• * . . down . •. . 

• # ® ^ 1 ^ 

• • » •• • »• 


It is observable, that the greatest difference among the above observations, is- 
between the 2d and 6th, being 645. and 600; the difference being about a 4ths 
part of the whole; tha times .being 14 minutes and lo, both, in going down the: 
river; whereas those observations, which, differ most in , point of time, viz. the: 
3d and 4th, being performed in l&fcminutesy andfffc minutes, have their revo- 
lutions more nearly alike, being 642' and> 603; which differ only by. a< 68th off 
the whole. From these observations he was led to think, that the different ve- 
locities, with which a vessel moves forwards, would make.no material difference 
in the number of rotations of the, plate; or at least that those differences-, would: 
be less than the, irregularities arising from other causes,, even in trials. nearly' 
similar. 
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The next trial of this machine was on board a small sailing vessel, in company 
with Dr. Knight, and Mr. William Hutchinson, an experienced seaman. The 
expedition was on die river Thames, and some leagues below the Nore. The 
intention of the trial here, was to find in general, how for it agreed with the 
log, and how it would behave m the swell of the sea; a comparison with the 
measure of a real distance being here impracticable, on account of the tides and 
currents. The method of trial was this: the whole log-line was suffered to run 
out, being 357 feet between the first khot and the end. The person who hove 
the log gave notice, at the extremes of this measure, that the person who at- 
tended the dial of the machine might stop the spindle at the beginning and end; 
while a third observed, by a second’s-wateh, the time taken up in running these 
357 feet. By these meins, we Were enabled to ascertain the comparative velocity 
moved, and die number of turns of the plate at each trial, corresponding to 357 
ieet by the log ; Which, if the machine and log were both accurate, ought to 
have been always the same. The particulars of these experiments are contained 
in the following table. 

Turns of the Seconds of time during the run- Turns of the Seconds of time during the run- 

plate. nmg out of 357 feet of log-line. plate. ning out of 357 feet of log-line 


•83 In the rirfcr at anchor by the tide!24 

70 Before the wind at sea 

56 

82 The same repeated 

.... 134 

70 The same. 

.... 52 

81 Sailing in the river 

.... 98 

66 Before the wind in the river 55 

79 In the river at anchor by the tidel35 / 

64 The same 

53 

7 6 Sailing in the river 

115 

64 The same 

— 60 

74 At *a upon a wind ...... 

6 * 

64 The same 

....43 

74 The same repeated. ....... 

.... 69 

63 At sea upon a wind . . 

.... 53 

71 Sailing in the river 

.... 71 

62 The same .... 

....52 

70 The same 

.... 66 

62 Sailing in the river .... 

. ... 45 

70 Before the wind at sea . . . , 

77 




It appears from these trials, made in different positions of the vessel with 
regard to the wind, both in the river and at sea, as well by the tides at anchor, 
as in sidling, that the turns of the plate corresponding with the space of 357 feet 
by the log, were from 62 to 83; and the times in which this space was run, were 
from 45 to 135 seconds, the greater number of revolutions answering to the 
greater number of seconds, or slower movement of the vessel. On finding this 
considerable disagreement between the log and plate, when swiff and slow mo- 
tions are compared, Mr. S. did not suppose that they proceeded from a retarda- 
tion of the plate in swift motions, but from the hauling home of the log in slow 
.ones. For instance, the log, to do its office accurately, ought to remain at rest 
in the water, whatever be -the motion of the vessel. But even the keeping the 
line straight, and much more the suffering the log to haul the line off the reel, 
as practised by many, will make the log in some measure follow the vessel, and 
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will be greater in proportion as the time of continuance of this action is greater; 
and therefore the log will follow the ship twice as far in, going one knot, when the 
ship is twice as long in running it. The consequence of this is, . that a vessel always 
runs over a greater space than is shown by the log-line ; but that this error is 
greater, in proportion as the vessel moves slower. It is this reason probably that 
has induced the practical seamen to continue the distance between their knots 
shorter than they are directed by the theory. 

Afterwards, in the same summer, Mr. S. made such another expedition; in a 
sailing vessel, along with Capt. Campbell of the Mary yacht, and Dr. Knight. 
Having prepared two of these machines as near alike as possible, he determined 
to try, how far they were capable of agreement, when exposed to the same im- 
convenieneies, and used together. During the trial of these machines, one 
made 86,716 revolutions, and the other made 88,184. During this space, they 
were compared at 10 several intervals. The revolutions between each, interval 
differed from the proportion of these numbers, in the first comparison, ^ of the 
whole interval. The errors of each interval, in the other comparisons, were, 
in order, -fr, -rV, T V, ih-, •*, tV> -rVi *e greatest errors being where 

the spaces were the shortest; In other respects, the plates seemed to perform 
their duty in the water well enough, though the sea was as rough in this voyage 
as our small vessel could well bear. 

Lastly, being for some time on board the Fortune sToop of war, commanded 
by Alexander Campbell, Esq. in company with Dr. Knight, for the purpose of 
making trial of his new invented sea-compasses, I had frequent opportunities of 
making use of these machines, by comparing them with each other, with the 
log, and with real distances; and having, by repeated trials, pretty well ascer- 
tained the number of turns of the plate, equal to a given space, by the help of 
the log, in the manner before described, when the ship was on a middle velocity, 
he found the spaces, so measured, nearly consistent with themselves, and with 
the truth; but all this while the winds and weather were veiy moderate, ht 
afterwards happened, that they ran 18 leagues in a brisk gale of wind, which 
drove them sometimes at the rate of 8 knots an hour, as appeared by heaving 
the log. During this run he observed, that the resistance of the water to the 
line and plate, was very considerable, and increased the friction of the spindJe so 
much, as to prevent it from beginning to turn, till the plate had twisted the line 
to such a degree, that when it did set a-going, it would frequently run 150 or 
200 turns at once. He also observed, that the wind coming across the course 
of the ship, blew the cord a good deal out of the direction of the spindle,* and 
caused the line to rub against the safeguard hole, for the button to stop against; 
as above described ; which undoubtedly occasioned considerable friction in that 
place. Bpt the most untoward circumstance was, that being in a rough, but 
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short chopping sea, and sailing obliquely across the waves, the plate would fre- 
quently be drawn from one wave to another through the air, without touching 
the water; and would jump from one wave to another; the unevenness of the 
surface, joined to the quickness of the motion, not permitting the plate to follow 
the depression of the water. This evil he endeavoured to remedy, by placing on 
the line, at a small distance before the plate, some hollow bullets, such as are 
made for nets, in order to keep the plate so low down in the water, as to be 
below the bottom of the waves. This, in part, he found they did; but at the 
same time they added so much resistance, in their passing through the water, 
that the inconvenience was as great one way asjthe other. 

. On making up the account of this run, the number of rotations were less, by 
full one- third, than they ought to have been, compared with former observations, 
which afforded a convincing proof, that this instrument was considerably retarded 
in quick motions. The length of the line made use of was about 20 fathoms, 
which he found necessary, that the water, disturbed by the body of the ship, 
.might be tolerably settled before the plate was drawn through it; but this length 
of line was also an inconvenience, as it met with greater resistance in the water. 

On the whole, it seemed that such an instrument is capable of measuring the 
way of a ship at sea, when its velocity does not exceed 5 sea miles an hour, to a 
degree of exactness exceeding the log. It therefore may be useful in the mensu- 
ration of the velocities of tides, currents, &c. and also in measuring distances 
at sea in taking surveys of coasts, harbours, &c. Thus far it seems capable^ of 
performing, on the supposition that it cannot be brought to a greater degree of 
perfection. But this he was very for from supposing: on the contrary, he thinks 
that it may be brought to answer the end of measuring the way of a ship at sea 
universally. 

LXXI. Observations of some Eclipses of Jupiter's Satellites at Lisbon in 1753. 

By J. Chevalier, p. 546. 

LXXI I. Observation of a Solar Eclipse at Lisbon, Oct. 26 , 1753, By J. 

Chevalier, p. 546. 

* * 

An account of the above two articles is contained in the following. 

LXXIII. An Account of some Astronomical Observations taken at Lisbon by M. 

J. Chevalier in the Year 1753. By J. Short , M.A., F.R.S. p. 548. 

This gentleman mentions two emersions of the satellites of Jupiter, viz. one 
of the first, and another of the third, both observed, in a very clear air, with a 
Gregorian telescope 6 feet long. Dr. Bevis, from a great number of observations, 
has computed formulae of tables for the times of the immersions and emersions. 
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of the first satellite of Jupiter, and which times we have seldom found to differ 
from the observations above 10 s : by comparing therefore the time of the emer- 
sion of the first satellite observed by this gentleman, with the time computed 
from these formulae, the difference of longitude between London, at St. Paul’s, 
and the place of observation at Lisbon, comes out to be 36“ 6* ; and by several 
former corresponding observations the difference had been found to be 36“ io». 

M. Chevalier further mentions the observation of the eclipse of the sun last 
October, through a telescope of 15 palms. He saw both the beginning and 
end, in a very clear air ; and says that the greatest quantity of the eclipse was 11 
digits and 5', which he measured with a micrometer; but unluckily he has not 
given us either the diameter of the sun, or that of the moon, which he might 
have measured, (for the eclipse was annular) though he was at the pains of mea- 
suring all the digits, both in the increase and decrease of the edipse. He further 
takes notice, that at the time of the greatest obscuration, the lig! it of the sun 
was remarkably diminished ; and that they were able to see Jupiter, Venus, and 
some stars of the first and 2d magnitude ; but he could not see Mercury, on 
account of his proximity to the sun : and that a reflecting speculum, of 3 palms 
in diameter, which could melt lead, when placed in its focus, and instantly set 
wood in a flame, produced the same effects, even when the sun was 7 digits 
eclipsed; but that, about the time of the greatest obscuration it was not able to 
burn wood, though held in its focus for some time: and that at the same time 
the air became very cold, the wind blowing hard from the north ; and that some 
vapours, or fog, were seen to rise out of the river and adjacent harbour. 

LXXIV. Of an Instrument for Measuring Small Angles , the first Account qf 
which was read before the Royal Society , May 10, 1753. By Mr. John 
DollondL Dated April A, 1754. p. 551. 

Before entering on particulars relating to this micrometer, it will be proper to 
make a few preparatory observations on the nature of spherical glasses, so far as 
may be necessary to render the following explanation, more easily understood. 

06s. t. — It is a property of all convex spherical glasses, to refract the rays of 
light which are transmitted through them, in such a manner, as to collect a II 
those that proceed diverging from any one point of a luminous object, to some 
other point ; whose distance from the glass depends chiefly on its convexity, and 
the distance of the object from it. 

06s. 2.— The point where the rays are thus collected, may be considered as 
the image of that point from which they diverge. For if we conceive several 
Tadiant points thus emitting rays, which, by the refractive quality of the glass, 
•are made to converge to as many other points; it will be an easy matter to under- 
stand how every part of the object will be truly represented. As this property of 
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spherical glasses, is explained and demonstrated by all the writers on optics, it 
beipg the very foundation of the science, the bare mention of it is sufficient for 
the present purpose. 

Obs. 3. — It will be necessary however to observe further, that the lines con- 
necting every point in the abject with its corresponding points in the image, do 
all intersect in a certain point of the axis or line passing through the poles of the 
glass, where its two surfaces are parallel, and may be properly called its centre. 
Whence it appears, that the angles subtended by the object and its image, from 
that point, must be equal : and therefore their diameters will be in the same 
ratio as their distances from that point. 

, Obs. 4.— As the formation of the image, by the glass depends entirely on the 
property above mentioned, viz. its collecting all the light, incident on it from 
the several points of the object, into as many other points at its focus ; it follows, 
that any st^pnent of such a glass will also form an image equal, and every way 
similar, to that exhibited by the whole glass ; with this difference only, that it 
will, be so much, darker, as the area of the segment is less than that of the 
whole glass. 

Qbs. 5. — The axis of a. spherical glass, is a line connecting the centres of the 
spheres,, to .which the two surfaces are ground ; and wherever this line passes 
through the gjass,. there, the surfaces are parallel. But if it happens that this 
line does not go through the substance of the glass, such a glass is said to have 
no internal centre^ but it is conceived to be in its plane produoed till it meets the 
axis ; apd this imaginary point, though e x te rn a l to the glass, is as truly its centre, 
and, is. as fixed in its position, to it, us if it were actually within its substance. 

Qbs. 6. — If, a. spherical glass, having its centre or pole near its middle or centre 
of its circumference, should be divided by a straight line through the middle ^ 
the centre will be in one of the segments only. For how exact soever a person 
may be supposed to be in cutting it through the centre; yet it is hard to con- 
ceive how, a mathemadcal . point should be divided in two ; therefore the centre 
will be internal to one of the segments, , and external to the other. But if a small 
matter he ground; away. from, the straight edge of each segment, both their 
centres will become external », and. so they will more easily be brought to a co- 
incidence. 

Obs. 7 • — If these two segments should be held together, so as to make their 
eeavtres coincide ; the. images; which, they give of any object, will likewise coin- 
cide, and become a single one. This will be the case when their straight edges 
are* joined to make the glass, as it were, whole again : but let the centres be 
any-how separated, their, images will also separate, and each segment will give a 
separate. and distinct image of any object to which, they may. be exposed. 
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Obs. 8. — Though the centres of the segments may be drawn from their coin- 
cidence, by removing the segments in any direction whatever ; yet the most con- 
venient way for this purpose is, to slide their straight edges one along the other, 
till they are removed, as the figure in the margin represents them : 
for thus they may be moved without suffering any false light to 
come in between them. And by this way of removing them, the 
distance between their centres may be very conveniently measured, 
viz. by having a Vernier’s division fixed to the brass work, that 
holds one segment, so as to slide along a scale on the plate to 
which the other part of the glass is fitted. 

Obs. Q. — As the images of the same object are separated by the motion of the 
segments ; so those of different objects, or different parts of the same object, 
may be made to coincide. Suppose the sun, moon, or any planet, to be the 
object ; their two images may, by this contrivance, be removed till their oppo- 
site edges are in contact: in which case the distance between the centres of the 
two images will be equal to the diameter of either ; and so of any other object 
whatever. 

Obs. 10. — This divided glass may be used as a micrometer, 3 different ways. 
In the first place, it may be fixed at the end of a tube, of a suitable length to 
its focal distance, as an object-glass ; the other end of the tube having an eye- 
glass fitted as usual in astronomical telescopes. 2dly, It may be applied to the 
end of a tube much shorter than its focal distance, by having another convex 
glass within the tube, to shorten the focal distance of that which is cut in two. 
Lastly, it may be'applied to the open end of a reflecting telescope ; either of the 
Newtonian, Gregorian, or Cassegrain construction. And though this last me- 
thod is much the best, and most convenient, of the three ; yet as the first is the 
most natural, as well as the easiest to be understood, it will be proper to explain 
it fully, and to demonstrate the principles on which this micrometer is con- 
structed, by supposing it made use of in the first way : which being done, the 
application of it to other methods will be readily understood. 

Having thus, by the foregoing observations, given a general idea of the nature 
and effects of this divided object-glass, Mr. D. proceeds to demonstrate the prin- 
ciples from which the measures of the angles are to be obtained by this instru- 
ment, by the following propositions. 

Prop. I. Suppose a divided object-glass fixed at the end of a tube, according to 
the first method, and the tube directed to the object intended to be measured ; 
and suppose also the segments removed from their original position, as directed 
under Obs. 8, till the opposite edges of the two images are seen in contact at the 
focus of die eye-glass : then the angle subtended by the distance between the 
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centres of the segments, from the focus of the eye-glass, where the edges are 
seen in contact, js equal to the angle subtended by the diameter of the object 
from that same point. 

Demons. Let the line ab, fig. 7> ph 8, represent the diameter of the object to 
be measured ; and the points c, d the centres of the two glass segments : also g 
the focus where the images of the extremities of the object coincide. It is evi- 
dent, from Obs. 3, that as and bg are straight lines, that pass through the 
centres of the segments, and connect the extreme points of the object with their 
corresponding points, in the images; and therefore, as the diameter of the object 
and the distance between the centres of the segments, are both inscribed between 
these two lines, they must needs subtend the same angle from the point where 
those lines meet ; which is at g. 

The focal distance cg, or dg, is variable, according to the distance of the 
object from the glass i so that it decreases as the distance of the object from the 
glass increases ; and when the object is so far off, that the focal leogth of the 
glass bears no proportion to its distance, then will it be least of all ; as cf or bf; 
and the point f is called the focu% of parallel rays. Any other focus, as g, being 
the focus of a near object, is called a respective focus ; as it respects a particular 
distance : but the focus of parallel rays respects all objects that are at a very great 
distance; such as is that of all the heavenly bodies. 

Prop. 2.— The distance he of the object from the glass, is to ef, the focal 
distance of parallel rays, as the distance hg of the object from its image, is to 
BG, the distance of the image from the glass: that is, he : ff :: hg : eg. 

The demonstration of this proposition may be gathered from any treatise of 
dioptrics ; it being a general rule for finding the respective focus to any given 
distance, when the focus of parallel rays is known. 

Prop. 3. — The angle subtended by the diameter of the object, from the glass, 
is equal to that subtended by the opening of the centres of the segments, from 
the focus of parallel rays. That is, the angle aeb equal to the angle cfo. 

Demons. — It appears, by inspection of the figure, that ab : cd :: hg : eg. 
And by the last prop, he : bf :: hg : eg. Then, as the two last terms of these 
two analogies are alike ; the two first terms of one will be in the same proportion 
ns the two first terms of the other ; which gives the following proportion : ab : 
CD he : ef. Whence the truth of die proposition is evident. 

From this proposition it appears, that the angle subtended by the diameter of 
the object from the glass, is found without any regard to the distance of the 
object, or to the distance of the respective focus, where the image is seen ; as 
die measure depends entirely on the focus of parallel rays, and the opening of 
the segments. We may hence also derive a rule for the quantity of the angle, 
without c on s i d ering the length of the glass. Let an object, whose diameter is 
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known, be set up at some known distance ; the angle it will subtend from’ the 
glass may then be found by trigonometry : then let it be measured by this mi- 
crometer, and the distance between the centres of the segments, found on the 
scale already mentioned, will be the constant measure of the same angle, in all 
other cases ; because the distance of the object makes no alteration in the mea- 
sure of the angle, as has been demonstrated : and thus having obtained the dis- 
tance between the centres of the segments, which answers to any one angle, aft 
other distances may be computed by the rule of three. 

All that has been hitherto said relates to the first method of using this micro- 
meter ; that is, by fitting it to the end of a tube suited to its focal length, and 
by viewing the images with a proper eye-glass, in the manner of an astronomi- 
cal telescope. But the length of the tube, in this way, would be veiy trouble- 
some ; and therefore it will be proper to consider other methods for an easier 
management. He therefore proceeds to the 2d method, mentioned in Obs. 10; 
which is, by using another object-glass to shorten the focus of that which serves 
for the micrometer. To facilitate the understanding of this method, it will be 
necessary to premise the following observation. 

Obs. 1 1 . — Rays of light, which are brought to such convergent^ as to form 
the image of an object, proceed, after that, diverging in the manner they did 
when they issued from the object before they were transmitted through the glass*, 
and therefore they may be again collected by another spherical glass, so as to 
form a 2d representation of the same object ; which may again be repeated by a 
3d glass, &c. So that the first image may be considered as an object to the 2d 
glass, and the 2d image will be an object to the 3d, and so on. Though these 
images may be very different in respect to their magnitudes, yet they will be all 
similar; being true representations of the same object: this will hold goodi, 
though the 2d glass should be put so near the first, as to receive the rays before 
the image is formed : for as the rays are tending to meet at a certain distance, the 
2d will receive them in that degree of convergency, and, by an additional refrac- 
tion, bring them to a nearer focus; but the image will still be similar to that 
which would have been made by the first glass, if the 2d had not been there. 

On this principle all refracting telescopes are made ; some of which are a com- 
bination of 4, 5, or 6 glasses. The first glass forms an image of the object ; 
the 2d repeats the image, which it receives from the first ; and so' on, till the last 
glass brings a true representation of the object to the eye. The same may be 
said of reflecting telescopes : for a spherical mirror acts in the same manner, in 
that respect, as a spherical glass. 

Now let this be applied to the subject in hand. Suppose the focal distance of 
the divided object-glass to be about 40 feet ; and suppose the segments to be 
opened wide enough to bring the opposite edges of an object in contact ; then 
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let another object-glass, uncut, be fixed within the tube, of a proper degree of 
convexity, to shorten the focus of the other as much as may be required ; sup- 
pose to 12 feet: by what has been just now observed, this glass will represent the 
'two images in the same form which would have been exhibited by the divided 
glass, if this other glass had not been there. For though the images are not 
yet formed, when the 2d glass receives the rays; yet, as those rays are converg- 
ing towards it, the 2d glass must represent those images in the same position, 
and form, aa the tendency of the rays requires. For while the segments are 
fixed in their position to each other, their images will also be fixed in their po- 
sition ; and let them be repeated ever so many times, by refraction through sphe- 
rical glasses, or by reflexion from spherical mirrors, they can suffer no alteration 
in their position to each other. By this means the telescope may be shortened at 
pleasure, though the scale for the measure of the angles will remain the same. 
The only inconvenience which the shortness of the telescope introduces, is a want 
of sufficient distinctness ; which will so far hinder the exactness of the observa- 
tion, as the contact of the edges cannot be so accurately determined, as they 
might be with longer telescopes. 

This difficulty is entirely removed by fixing the divided glass at the end of a 
reflecting telescope: for the reflections and refractions, which the rays must un- 
dergo in passing through the telescope, will no way alter the position of the 
images which the rays, that have passed through the segments, are tending to : 
for, as has been already observed, a number of reflections and refractions may 
repeat the images, and alter their magnitudes ; but can make no alteration in 
their proportions. 

Therefore this way of fixing the divided glass to a reflecting telescope, which 
was the 3d method proposed, is by far the best ; as such telescopies of moderate 
and manageable lengths, when well made, are capable of magnifying conside- 
rably, and showing objects to great advantage. This micrometer’s being appli- 
cable to the reflecting telescope with so much certainty, is no inconsiderable ad- 
vantage : for any one will easily understand, that to measure the diameter of a 
planet exactly, it is necessary that the planet be magnified, and shown distinctly, 
which could not be obtained in the common way without very great lengths ; 
such as rendered it very difficult, not to say impracticable, to take exact mea- 
sures. Besides, the common micrometer is limited in this respect on another 
account ; vis. because the diameter of the planet cannot be measured without 
having the whole planet within the field of the telescope, which confines the 
magnifying pxiwer within very narrow bounds ; whereas, by this method, nothing 
more is required, than to see the contact of the edges, which allows the magni- 
fying pxiwer to be increased at pleasure. 

In the common micrometer, the object is to be taken between 2 wires, so 
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that the contact of its edges with those wires cannot be observed at one view ; 
and die least motion of the telescope, while the observer is turning his eye from 
one wire to the other, must oblige him to repeat the observation ; whereas, by 
this method the contact of the edges of the images is not at all affected by the 
motion of the telescope. Whence the comparison of this micrometer with the 
common sort, in this respect, stands thus : the one requires great steadiness in 
the telescope, but yet it is applicable to none but such as are very difficult ter 
keep steady ; the other does not require such steadiness, though it is applicable 
to short telescopes, which are easily managed. These advantages not only add 
to the certainty of the observation, but assist vastly in the expedition ; for an 
observer may make 20 observations in this way, whore he could scarcely, with 
much fatigue, be sure of one with the common micrometer. Expedition in 
making observations must be allowed a very great advantage, in this dimate, 
where the uncertainty of the weather renders astronomical observations so pre- 
carious, that no opportunities, even the most transient, should be let slip. An 
instance of this was given m to the n. s., m an account of the eclipse of the sun 
last October. As the motion of the telescope gives the observer no great incon- 
venience in this method ; neither does the motion of the object at all disturb his 
observation, such a motion as that of the heavens is. This gives him leave to 
take the diameter of a planet in any direction ; or the distance between two stars 
or planets, let their situation be bow it will 4 in which respect the common mi- 
crometer is absolutely defective ; as it am give no angles, but snrh as are per- 
pendicular to the line of their motion ; though the diameters of the planets, in 
other directions, is very much wanted ; it being highly probable, from the laws 
of motion, and what we see in Jupiter, that such planets as revolve round their 
axes, have their polar diameters Sorter than their equatorial ones. 

The distances of Jupiter’s satellites from each other, or from Jupiter’s body, 
cannot be measured, with any certainty, in the common way, as their position 
is always very far from being at right angles with the line of their motion : nei- 
ther can the moon’s diameter, which must he taken from horn to horn, scarcely 
ever be obtained that way, because it very rarely happens, that the diameter to 
be measured lies at right angles to the line of her motion. The same may be 
said of the. distance between two stars. But this micrometer gives angles, ia 
every direction, with equal ease and certainty ; the observation being also finished 
in an instant, without any trouble or fatigue to the observer. For as there are 
no wires made use of this way in the field of the telescope ; so the observer has 
no concern about any illumination. The largeness of the -scale deserves also to 
be taken notioe o£, as it may, in this micrometer, be increased almost at plea- 
sure, according as the smallness of the object requires. Another inoonvenience 
attending the common micrometer is, the variation of the scale, aeeording to the 
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distance of the object. As the telescope must be lengthened, or drawn out far- 
ther, for short distances ; the scale, which depends on that length, is thereby in- 
creased ; which renders the measure of the angle veiy uncertain : whereas, in 
this micrometer, the scale is the same at all distances : 60 that the angle may be 
measured with the utmost certainty, without any regard to the distance of the 
objects. 

On the whole, it may be concluded, that this micrometer is a complete instru- 
ment in its kind ; having many advantages above the common sort, without any 
of their disadvantages : and there is no doubt but, when brought into practice, 
it will tend much to the advancement of astronomy. 


LXXV, Of an Earthquake felt at York , April 19 , 1754. By Mr, David 
. Ershine Baker, p. 564. 

This small shock felt by Mr. B. at York, lasted about 3 seconds. It gave are 
undulating motion to the buildings, made the windows, &c. rattle, and was pre- - 
•ceded by a rumbling noise, like a carriage over a pavement. Its direction seemed 
to be from s.w. to n.b., and it was felt at several other places, at many miles 
distance. 

iiXXVI. An Investigation of some Theorems which suggest some Remarkable 
Properties of the Circle , and are of Use in Resolving Fractions , whose Denomi- 
nators are certain Multinomials , into more Simple ones. By Mr. John Lan- 
den. m p. 506. 

That the principal theorems, below investigated, will be of considerable use in 
the doctrine of fluxions, by rendering, in many cases, the business of computing 

* Mr. Lan<len, who was born at Peakirk near Peterborough, in Northamptonshire, in 1719, was 
in a great measure a self-taught mathematician, a branch of learning in which he rose to the first 
rank of eminence. He became a respectable contributor to the mathematical part of the Ladies’ 
Diary so early as the year 1744 ; to which work he continued his contributions, either in his owu 
name, or under various fictitious ones, till within a very few years of his death. His first paper in 
•the Phil. Trans, above -printed for the year 1754, is no mean specimen of his taste and skill in that 
line. Besides this, and several other valuable papers printed at different times m these Transactions, 
lie published some curious and separate works himaelf. As, 1 . Mathematical Lucubrations in 1755; 
•containing a variety of tracts relating to the rectification of curve lines, the summation of series, the 
finding of fluents, &e. 2 . A Discourse on the Residual Analysis, 1758 ; being a new branch of the 

algebraic art, of very extensive use, both in pure mathematics and natural philosophy. 3. The 1st 
•book of the-saaoe Residual Analysis, in 1764 5 esplaming-the principles,’ and applying them in a number 
•of curious speculations. 4. Animadversions on Dr. Stewart’s Computation of the Sun’s Distance from 
She Earth, 1771. 5. Mathematical Memoirs, 1780, vol. i. ; on a variety of subjects ; with an ap- 
pendix containing a very extensive collection of forms for finding fluents. 6 . Several Observations on 
converging Series, in 1781, 1782, 1768. 7. And lastly the 2 d vo). of the Mathematical Memoirs 
in the latter end of 17*89 ; containing, besides a solution of the general problem concerning rotatory 
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fluents more easy, will, on perusal, be obvious, Mr. L. says, to every one ac- 
quainted with that branch of science. 

Mrt, 1 . — Supposing — — — ==, where .f and y denote the fluxions of 
b V*' - 1 - » 

the variable quantities x and y respectively, and n an invariable quantity ; it is 
proposed to find, in terms of y and z, the equation of which z is a root, and z 1 
— <lxz + 1 = 0, a divisor. 

Taking the fluents of the given fluxionary equation, we have, suppo sing x = 1 
when y is = 1, hyp. log. of (x + \/ x 1 — l)" = hyp. log. ofy -f- ^ y 1 — 1, or 

{x + V x 1 — 1)" =y + t/y 1 — 1 : whence, by substituting for x its value ~ - 

(found by the equation z‘ — 2xz + 1 = 0), we have z" = y + •/ y l — 1 : there- 
fore z" — y is = v/y’ — 1 ; and, squaring both sides, z s " — 2yz" + y* = y % — 1 . 
Consequently a 2 * — 2yz n + 1 is = 0; which, supposing n a positive integer, is 
the equation sought. 

■ Now it is obvious, n being such an integer, that this equation will have as 
many trinomial divisors, of the form z* — 2xz + 1, as there are values of x corres- 
ponding to a given value of y: which values of x, when y is not greater than 1, 
nor less than — 1 (the only case I propose to consider), will not be readily ob- 
tained from the equation (r + v'x 9 — l)“ = y + Vy~ — 1 found above: but, 

X me v 

if we multiply the given fluxionary equation by — , we get -^===r = — J_== ; 

of which the equation of the fluents is n X circ. arc rad. 1, cosine * = circ. arc 
rad. 1. cosine y; where x is = 1 when y is =s I, agreeable to the supposition 
made above, when we took the fluents of the given fluxionary equation by loga- 
rithms. Therefore if a be put for the least arc whose cosine is y, and c for the 
■whole circumference, radius being 1 ; y being the cosine of A, a + c, A + 2C, 

A + 3c, &c. x will be the cosine of -, A + — , &c to A * ~ ?? * c . 

1 n’ n 7 n J n 

Consequently, expressing the last-mentioned cosines, or the several values of 

motion, an investigation of the motion of the equinoxes, in which Mr. L. has, first of any one, 
pointed out the cause of Sir Isaac Newton’s mistake in his solution of this celebrated problem. Mr. 
L. as he had chiefly completed this work during some intervals from the stone, -with which disorder 
he was severely afflicted in the latter part of his life, so he just lived to see it printed, and received a 
copy of it the day before his death, which happened Jan. 15, 1790, at Milton, near Peterborough, 
being 7 1 years of age. 

About the year 1 762, Mr. L. became agent and land-steward to Earl Fit* william j an employment 
which he resigned only 2 years before his death. And in 1766 he was elected f. r. s. Though Mr. L. 
was doubtless one of the greatest mathematicians that this or any country has produced ; his merit in 
this respect was not more conspicuous than his moral virtues. As his compositions were profound, and 
elegantly clear and simple ; so his manners and deportment were manly, dignified, genteel, and be- 
nevolent. The strict integrity of his conduct, his great humanity, and readiness to serve every one t£ 
the utmost of his power, procured him respect and esteem from all his acquaintance. 
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x, by p, q, r, s, &c. z 9 * — 2yz" + l will be = (z 9 — 2pz + 1) X (z* — 2qz 
+ 1) X (z 1 - 2rz + 1 ), &c: (n), when n is a positive integer, (as we shall al- 
ways suppose it to be), let z be what it will. 

Hence may be easily deduced a demonstration of that remarkable property of 
the circle first discovered by Mr. Cotes : but as that property has already been 
demonstrated by several mathematicians, Mr. L. omits taking any further notice 
of it, and proceeds in the investigation of some other useful theorems which had 
never been published. 

Art. 2.— If y be = 1 ; then, a being — O; p, q, r, &c. will be the cosines of 
b JT’ ?’ T* &c * M respectively : therefore p will be = 1 ; and, if n be an even 
number, one of the cosines q, r, s, & c. will be = — j , one of the arcs 
- — , — &c. being then — 

Art. 3.— If y be s — 1 ; then, a being = | ; p, q, r, s, &c. will be the co- 
c 3c 5c 

sines of — , — , — , &c. (n) respectively : therefore, if n be an odd number, one 
of those arcs will be £ , whose cosine is — T. 

Art. 4. — If, in the equations z 9 ” — 2yz n -J- 1 = 0, and z 9 — 2xz + 1 = 0 ,. 
we substitute v — 1 for z, they become (v — 1)*" — 2y x {v — l) n -j- 1=0 
and (y — — 2x X (v — 1) + 1 = v 9 — (2 -f 2x) X v + 2 + 2x r= ol 

Consequently 

v" - 2 m; 9 "" + 2 n X v* - 2m; + 1 

.... + 2 yn X — ~ 1 v 3 + 2 yiw qH 2 

"b 1 

(t> 9 — 2 + 2p X v+ 2 +2/>) X (u 9 — 2 + 2q X v -f 2+ 2q) X (v 9 — 2 +2r 
X t; + 2 + 2 -f- 2r) x &c. (n) ; where, of the two signs prefixed to the terms 
where y is a factor, the upper or lower takes place, according as n is an even or 
an odd number. Whence, by the nature of equations, it follows, that (2 + 2 p) 
(2. + 2 q) X (2 + 2r), &c. is = 2 + 2y. But this equation vanishing when y 
is = 1 and n an even number, or when y is = — 1 and n an odd number, it will 1 
be proper to consider those two cases more particularly. 

Art. 5.— First, let us suppose y =s 1, and n an even number: then p being 
= 1, and one of the other cosines q, r, s, &c. = — 1 {Art. 2) ; we shall have 

— 2 nu 9 * -1 + . . . . -f n‘^= (w* + 0) X (t; 9 — 4v -f 4) X (u 9 — 2~+2q) 
X (u + 2 + 2^) X (t>*— 2 + 2rXv + 2+ 2r), &c. Therefore dividing by v 1 , 
+ ....+«* = (u* - 4v + 4) X {v*— X v + 2 + 2 ? 

X (w 9 — 2 + 2r x v + 2 + 2r), &c. that factor in which the value of the co- 
sine q, or r, &c. is — J, being expunged. 

3 
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Consequently n* is = 4 x (2 + 2 q) X (2 + 2r) x (2 + 2«), &c. when the 
factor, whose value is nothing, is expunged. 

Art. 6. — Let us now suppose y = — l, and n an odd number: then one of 

the cosines p, q, r, &c. being = — 1 (Art. 3), 

v** — ntr*" -1 + .... -f- n V will be = (tr? + O) X (u* — 2 + 2/> X v + 2 py 
X (v* — 2 + 2q X v+ 2 + 2g) &c. Therefore, dividing by t/ 9 , 

«*•“*— 2nv*"~* + + n 9 will be = (v 9 — 2 + 2/> X t; + 2 + 2j&) X (v 9 — 

2 + 2$ x v + 2 + 2^), &c. and consequently n 9 = (2 + 2 />) X (2 + 2$) X 
(2 + 2r), &c. when the factor, whose value is nothing, is expunged. 

Art. 7. — Substituting in the equations z 9 " — 2yz" +1=0, and z* — 2xz + 
1 = o r instead of z, we have 

yjznr) - x + (a-*)- °» 


and (i ±±)-_2*X — 

'a — r a — 


« + * 


+ ~ <«-•)* 


(2 + 2x) x (•* + «*) 

= = O. Consequently, 

(a + «)“ — 2y X (a + »)"X(« — *»)* + («— »)** will be = (2 + 2j&) X (2+2 q) 

x(i+ 2r),&c. x («*+T^»-)X(“-+rT? < ‘’) X (“’ + ifr »■)> *«• 

But, by 4, (2 + 2p) X (2 + 2 q) X (2 + 2r), &c. is = 2 + 2y, the 

upper or lower of the two signs prefixed to y taking place, according as n is an 
even or an odd number. 

Therefore (a + «)*■ — 2y X (a + «)* X (a — «)" + (a — «)* is = (2 + 2 y) 


x (••+ iff <0 X(«‘+njf «’)X («’ +j— <■“), &c. 

Now p being the cosine of any number of degrees, radius being I, * ~ ^ a* will 

be the square of the tangent of half so many degrees, radius being a : therefore, 
denoting that tangent by b; and the tangents of half the arcs described with the 
radius a, whose cosines, when the radius is 1, are q, r, s, ice. being denoted by 
e, dy e, &c. respectively ; we have (o + «)‘" — 2y X (o + w)* + (a — «)" + 
(o — «)*" = (2 + 2 y) X (»* + A 1 ) X («* + c 9 ) X (w 9 + d 9 ), & c. But when y 
is = 1, and n an even number ; ory = — I, and » an odd number ; 2 + 2 y 
being = O; nothing can be determined from that equation : therefore* in those 
cases, recourse must be had to what is dqne above. 

Art. 8. — Let us suppose y = l, and n an even number: then the equation 
(a + w)*"— 2y X (a +«)" X (a— «)*+ (a— »)*"= (2 +2 p) X (2+ 2 q) X (2+ 2r), See. 

x (*’ + iff *’> X («•+ rff <t) X (.* + jff a*), 2cc. becomes (o + .)* 
6 
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— 2 x (a + «)" X (fl — «)" + (a —«)’"= 4 X (2 + 2 ?) X (2 + 2r), &c. X 

X («*+ yjp- a*) X (*>* + a 1 ), &c. /> being = 1 (art. 2) and (= b l ) s 0 . 

Moreover, one of the other cosines q, r, s, &c. being = — 1 (art. 2) some one 
of the factore d + 1 q, 2 + 2r, 2 + 2$, &c. will vanish; which factor being ex- 
punged from the product 4 X (2 + 1 q) + (2 + 2r), &c. and restored to the 
divisor w 9 + a 9 , or -* + 7+7 «*» &c. from which it was taken, that divisor 

will become 4 « 9 ; and the product 4 X (2 + 2 <7) X (2 + 2r), &c. will then (by 
art. 5) be = n 9 . 

Consequently (a + «)*” — 2 X (a + «)" + ( a — «)" + (a — w) 4 *, will be = 
n 9 X « 2 X 4o 9 X (w 9 + c 9 ) X (« 9 + d 9 ), &c. where the factor 4 a 9 takes place in- 
stead of *i 9 + sq. of the tang, of 90°. 

If y be = 1, and n an odd number, p will be = 1, and b = O; but no one 
of the cosines q, r, s, &c. will be = — 1, as when n is an even number. There- 
fore, in this case, the equation ( a •+• «)*" —2 y X (a + »)" X (a — »)* + 
(a — »)** = (2 + 2 y) X (w 9 + 6 9 ) X (« 9 + c 9 ), &c. becomes (a -f »)“ — 2 X 
(a + «)" X (a - «)" + (a - «) w = 4 X « 9 X (« 9 + c 9 ) X (« 9 + d 9 ), &c. 

9. By taking the square root of (a -f- «)“ ■— 2 X (a + *►)" X (a — »)* 
-(- (a — «)*", and of its two values just no w found, we h ave, wh en n is an even 
number, (o + «)* — (0 — w)" = 2ana x ^ w 9 4 - c 9 X VV + d 9 , &c. 2a taking 
place instead of V^» 9 + sq. of the tang, of QO®. 

And, when n is an odd number, (a -f- «) — (a — a) = 2« X ^ » 9 + c 9 X 
V « 9 + d 9 , &c. Whence the following construction is inferred. 

Art. 10. Describe, about the centre c (pi. 11, fig. 1 and 2), with the radius 
a> the circle pa'a'a'", &c.; draw the diameter pea, and the tangent b"'pb*; 
divide the semicircumference pa'o into as many equal parts pa', a'a", a' a'", &c. 
as there are units in the integer n; draw the secants ca'b', ca"b", &c. and, 
taking on ca any point o, draw k'"ok 4 parallel to b"'pb 5 ; likewise draw b'k', 
b"k", b'"k'", &c. parallel to pa, and call co, «. 

Then will q be the cosine of twice the angle pca', r the cosine of twice pca", 
s the cosine of twice pca"', &c. if the radius be 1 . 

Theref ore pb' = ok' will be = c, pb" = ok" =5 d, &c. and ck' = + c 9 , 

ck" = ^ » 9 + d 9 , &c. Consequently op* — oa" being = (a + «)" — (a — u ) n t 
and n X Pa X co X ck' X ck", &c. = 2 am> X vV -fc* X <?, &c. 

when n is an even number; op" — oa" will then be = n x pa x co x ck' x 
ck", &c. where the diameter pa takes place instead of the infinite quantity ckK 
But if n be an odd number, op* — - oa* will be = 2 x co x ck' X ok" x 
ck'", &c. 

Art. 11. It is evident that, of the factors ck', ck", ck'", &c. the first and 
last, the second and last but one, &c. are respectively equal to each other. 

POL. X. 3 P v 
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Therefore, omitting the squares of the factors below pa, and the squares of their 
values, op" - oa* is = n X ra X co X ck ' 1 X ck " 1 x ck'" 1 , &c. and (a -f- w ) 
— (a — u) n = lanm x (« 9 + c 9 ) X (« 9 + <P), &c. when n is an even number; 
Or op" — oa" is = 2 x co X ck ' 1 X ck " 1 X ck'" 1 , &c. and ( a + «)“ — (a — a,) 
= 2» X (« 9 + c 8 ) X (« 9 + d 1 ), &c. when n is an odd number. 

Art. 12. If we suppose y — — 1, and n an odd number, it will appear, by 
proceeding much in the same manner as in art. 8, that ( a + «)’* + 2 X (a + “)* 
X (a - «)" + (a - u ) n is c = n 9 X 4a 9 X (« 9 + b 3 ) X (« 9 + c 8 ) X (»* + d 9 ) &c. 
where the factor 4a 1 takes place instead of a* + sq. of the tang, of 9 O 0 . 

If y be = — 1, and n an even number, (a + «) to + 2 X (a -+• «)" X (a — «)" 
-f- (a •— «)*" is = 4 X (« 9 + b 3 ) X («* + c 9 ), &C. 

Whence, by extracting the square root of both sides of those equations, we 
have, when n is an odd number, (a + a)* + (a — ■ a)" = 2an X ^ a a + b 3 x 
v'a 9 + c 9 , &c. 2 a taking place instead of V' w * + sq. of the tang. of go°; and, 
when n is an even number, (a + a)" -f- (a — a)* = 2 X ^7+T X vV + c% 
8cc. Hence we infer this construction. 

Art. 13. Having described about the centre c (fig. 3 and 4) with the radius a, 
the circle po'aV'a", &c. draw the diameter pcq, and the tangent b"tb*\ divide 
the semicircumference Pa'a into as many equal parts pa', a' a', a ' a", &c. as there 
are units in 2n; draw the secants c a'b', ca"b", & c. and, through any point (o)in 
cq, draw A"oA 4 parallel to b"rb 4 -, likewise draw b'k', b"k ", See. parallel to pa; and 
Call CO; u. 

Then, if the radius be 1, p will be the cosine of twice the angle pea', g the 
cosine of twi ce pcq", &c. therefor e rb ' = ok 1 will be = b, P b* = ok" — c, See. 
and ck' £= m* + b 3 , ck" — v'« 5- + c x , Sec. 

Consequently op* + b eing = (a + «)" + (<* “ «)"> and n X Pa X c h' X 
ck", &c. =s 2an X v'w* + b* x v'w * + c", &c. when n is an odd number; op"-f- 
oa„ will then be = n X Pa X cA' x ck", Sec. where the diameter pa takes place 
instead of the infinite quantity cA** + ^ 

But if n be an even number, oP n + oa" will be = 2 X cA' X cA", &c. 

Art. 14. It is obvious that, of the factors cA', cA", &c. the first and last, the 
Second and last but one, &c. are respectively equal to each other: therefore the 
squares of the factors below pa, and the squares of their values, being omitted, 
op" + oa" is = » X Pa X cA'* X cA"*, &c. and (a + «■>)" + (a — «)* = 2an x 
(«* + b*) X («* + c"), &c. when n is an odd number; or op* + oa* is = 2 X 
cA'* X cA"*, &c. and (a + u) n + (a — «)* = 2 X («* + b 3 ) X (»* + c*), &c. when 
n is an even number. 

Art. 15. Writing, in the equation (a + «)“ — 2y X (a + «)“ X (a — «)" -f~ 
(a — «)*" = (2 + 2y) X (w 9 + i‘) X (w* + c *)> ^ c * (found by art. 7) a — « for 
w, the same becomes (2a — «)*" — 2yu* X (2a — a)" -J- a” = (2 ql 2y) X 
1 
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(u — 2au + a* + b') X (a* — 2au + a* + c*), &c. = (2 + 2y) X («* — 2au 
+ (?) X (u* - 2au + y 8 ) X (u — 2au -f S'), &c. if instead of ^TT+W, 
>/ a* + c 8 , &c. (the secants of the arcs of which b, c, d, &c. are tangents) we 
put (3, y, t, &e. 

And, by a like substitution in the equations in art. ] 1 and 14 it appears, that 
(2a — m)“ — u" is = 2 an X (a — u) X (u* — 2 au + y') X (u' — 2 au + S'), &c. 
or 2 X (a — u) X (u* — 2au + y') X (u* — 2au + S'), &c. according as n is an 
even or an odd number: and that (2a — u) n + if is = 2an x (u' — 2au + (S*) 
X (n* — 2 au + 7 *), &c. or 2 X (u* — 2au + (?) X (a* — 2au + y ), &c. ac- 
cording as n is an odd or an even number. 

LXXV1I. An Extraordinary Disease of the Skin, and its Cure. Extracted 
from the Italian of Carlo Crusio. By Rob. Watson , M.D., F.R.S. p. 5 79. 

A young woman of 17, the daughter of a citizen of Naples, was brought to 
the royal hospital June 22, 1752, and was placed in one of the wards assigned 
to the care of Dr. Crusio; who was informed by her, that her complaint was an 
excessive tension and hardness of the 6kin over all her body, by which she found 
herself so bound and straitened, that she could hardly move her limbs. He 
found her skin hard to the touch, like wood, or a dry hide; however, he ob- 
served some difference in the degrees of the hardness; for in some places it was 
greater; as in the neck, forehead, and particularly in the eye-lids; so that she 
could neither raise nor entirely shut them. It was also very great in the lips 
tongue, and on each side of her body; but the muscles under the skin seemed 
npt to be affected, because the joints could be bent; and if in any place there 
was any difficulty in moving the limbs, this arose not from any defect in the 
muscles, but from the hardness and tension of the skin and cellular membrane 
which did not yield to their contraction and relaxation. Her skin had lost its 
natural warmth, but was sensible, when it was pressed by the nails, or a pin; 
the patient then saying, that she felt a pain, as if the skin were tearing. Her 
pulse was deep, and obscure; but equal, and regular. Her respiration was free, 
and uninterrupted; her digestion good, and she found no inconvenience after eat- 
ing, except a greater constriction round the belly. The alvine excretions were 
easy and proper; but the urinary sometimes exceeded the quantity of what she 
drank, and appeared loaded with salts; both which circumstances perhaps pro- 
ceeded from the sensible and insensible perspiration being entirely wanting. Tor 
she never sweated, though ever so much exercised. Her sleep was natural; she 
had never had the menstrual evacuation. Her disorder began first in her neck 
when she could not move it as usual; then slie found the skin of her face and 
forehead grow bard; and ao successively, she found all the external parts of her 
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body grow hard, and tense. She never had had any other disease, except a little 
fever some years before. 

Respecting the indication of cure of this extraordinary disease, as the 
was observed to have lost its natural softness and flexibility ; and to have become 
hard, contracted, and imperspirable ; it was concluded that the immediate cause 
of such a morbid change was a preternatural contraction of the nervous or 
fibrous parts of the skin, by which its excretory ducts and exhaling vessels were 
constringed, and did not supply a due quantity of the oily and aqueous fluids 
necessary to soften and lubricate the parts. Hence it was thought fit to put the 
patient into a bath of warm milk and water, and to direct her to stay in it a con- 
siderable time, that the warmth and moisture might relax and soften the hard- 
ness of her skin : but she could not bear to continue in the bath, on account of 
the great oppression which it occasioned, and because the troublesome constric- 
tion of her skin was much increased by it. She was therefore put to bed, and 
well covered with clothes, in hopes to promote a sweat , but all was in vain ; 
for her skin remained as hard and dry as before. However, this treatment was 
repeated for 6 days ; but, on going into the bath for the 7th time, she was seized 
with convulsions in the muscles of her legs and arms. This was very unex- 
pected, and made it necessary to discontinue this method of cure. But as it 
was imagined that it was the weight and pressure of the water which gave her so 
much uneasiness, a method was thought of to avoid this inconvenience, and at 
the same time to procure for the patient the benefit, that might arise from the 
relaxation and softening of the skin and' pores by the absorption of an external 
humidity, which was judged to be necessary to the cure. Now the vapour of 
warm water has a great power of insinuating itself into the pores, and between 
the fibres of bodies ; and, by that means, of relaxing and softening the hardest 
substances, as is observed in dry leather ; which, suspended in the steam of 
boiling water, becomes much more soft and pliable, than if it had been im- 
mersed for a longer time in the hot water itself. A vapour bath'was therefore 
ordered, and contrived in such a manner, that the steam of the boiling water 
might entirely surround the body of the patient, or be directed to any particular 
part, as occasion should require. She bore the vapour without any inconveni- 
ence, and was constantly kept in bed in the intervals between the several appli- 
cations of it. The 6th time of using this kind of bath, she began to perspire a 
little, and from day to day the perspiration became more general, and at last 
universal : then the skin began to be less rough, but not less hard ; and the 
urine was more thin and diluted than before. Her diet was prescribed to be of 
the most soft and relaxing nature, and principally consisted of whey. As she 
was judged to be of too full a habit, and as she had not the regular menstrual 
discharge, she was ordered to lose 12 oz of blood from the foot; and it was 
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thought that this evacuation might contribute to produce a general relaxation, 
and by consequence make the circulation of the blood, and other fluids, more 
free through their respective canals. It was surprising to see what difficulty the 
surgeon found in opening the vein, on account of the hardness of the skin ; in- 
somuch that, in the operation, the lancet yielded, and bent. However, at last it 
pierced the skin and the vein, but not without much pain. The blood issued 
forth with impetuosity, and the wound was some time before it healed; but at 
length it formed an elevated and hard scar. 

By continuing the emollient diet and vapour bath, in about 40 days the skin 
of her legs, where the hardness appeared the latest, began to soften. But as often 
as she exposed herself to the fresh and cool air, the skin, which had. begun to be 
soft and flexible, was observed to become hard again, and imperspirable. It was 
therefore thought proper, towards the end of September, to place her in a warm 
room, where the air was kept of an equal degree of heat. This had the desired 
effect: for by staying in her room, and from time to time repeating the vapour 
bath, and by drinking, at her meals, a decoction of the woods, the perspiration 
was constant and moderate; and the softness of the skin, which began in the 
legs, extended itself upwards, and was in some degree perceptible in the arms. 

Five months had elapsed since the beginning of this treatment, when it was 
believed that, without some more efficacious medicine, capable, by its motion, 
weight, figure, and divisibility, of circulating with the blood, and of penetrating 
into the most remote and subtil recesses of the vessels, it would be impossible to 
open the obstructions, which were formed in the vascular structure of the skin, 
and which, by hindering the fluids from circulating through their respective 
canals, had deprived them of that humidity, which nature has made necessary for 
their flexibility and softness. It was therefore thought proper to make her take 
small doses of pure quicksilver; and that the mercury might the more easily be 
determined to the skin, the patient was ordered to be constantly kept in a warm 
air, to have the surface of her body rubbed with a flannel, and to continue the 
use of the vapour bath. But, by way of preparation for this mercurial course, 
she was gently purged, and blooded a second time, that the plenitude being 
diminished, the mercury might better circulate through the finest vessels. 
Here it is to be observed, that the surgeon, in this 2d blood-letting, did not 
meet with that resistance, in piercing the skin, which he had experienced in the 
first. The patient, thus prepared, began in December, 1752, to take daily 6, 
and afterwards 1 2 grs. of pure quicksilver, in a drachm of cassia, drinking' after it 
half a pint of a decoction of sarsaparilla. In this course she continued 4 months 
with chearfulness, and without any inconvenience; and within 2 months from 
the beginning of it there appeared a somewhat viscid sweat, and the skin grew 
more flexible, and yielding. About the end bf March, 1753, she had an effio- 
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resccnce over all her skin, which by degrees became pustular, and was very 
troublesome by its heat and itching. The use of mercury was then discontinued, 
and she took no medicine but half a pint of an infusion of sarsaparilla in the 
morning, and an emulsion of melon and poppy-seeds in the evening. Then the 
heat and itching abated, and the pustules suppurated. Signor Crusio says, that 
he had the pleasure to see many small globules or particles of mercury separated 
in the ripe pustules. This is something so unusual and surprising, that we shall 
scarcely be inclined to give our assent till we are forced to it by further experience 
and observation; especially as we know that the most careful and sensible men 
are often mistaken; but that it is very rare that any thing happens out of the 
ordinary course of nature.* 

About the middle of May following, her skin was quite- clear of pustules, and 
was become perfectly soft and flexible, being capable of being moved, raised, 
extended, and of performing all its natural functions. This softness and flexibi- 
lity of the skin was general, except in the forehead and lips; which however 
afterwards recovered their natural state. But there still remained an unusual 
degree of tension in some of the muscles, which lie immediately under the skin, 
particularly in those of the hand and radius; on which account, a milk diet was 
prescribed, to supply the blood with a proper matter for filling the cells of the 
adipose membrane; which membrane, by having sustained a long pressure 
between the diseased skin and muscles, was become deprived of its proper muci- 
laginous and oily juices, designed by nature to keep the parts soft and flexible, 
and to facilitate the motion of the muscles. 

LXXV1IL Experiments on the Use of the Agaric of Oak in Stopping Hemor- 
rhages. 1. The Event of Experiments made by Agaric on the Amputation 

of the Legs of 2 Women in Guy's Hospital. By Mr. Samuel Sharp, Surgeon 
of that Hospital, and F.R.S. p. 588. 

The styptic powers of the agaric were tried on 2 women, whose legs were 
amputated below the knee. One of them was 62 years of age, and had been 
very much impaired by a long illness, and continual pain. During the operation 
she bled with great impetuosity; and it was with difficulty, that the haemorrhage 
was stopped, notwithstanding Mr. S. pressed the agaric, with all his force, against 
the extremities of the tibialis antica, and tibialis postica, the 2 largest arteries. 
The tendency to bleed, after the operation was such, that Mr. S. found it 
necessary to apply the tourniquet, and keep a tight stricture on the femoral 
artery. She complained grievously of the pain arising from the stricture; on 
which it was a little loosened, and soon after a haemorrhage ensued from one of 

• This remark teems to have been introduced into the text by the editor of the original Transaction*. 
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the 2 large arteries, which was immediately taken up, and tied with a needle and 
ligature. In order to discover tliis vessel, the agaric was removed; and though 
the tourniquet was quite slack, the other large artery did not . bleed one drop. 
This happened about 14- hour after the operation. After the vessel was tied, the 
same agaric was again laid on the same part, without screwing the tourniquet,, 
and the patient became much easier; but, in about 34 hours, the other large 
vessel burst open; and though assistance was on the spot, and it was immediately 
tied up, she was so exhausted by the sudden loss of blood, that she died in about 
twenty minutes. It is conjectured, that, by the 3 haemorrhages, viz. the first 
during the operation, and the 2 after the operation, she lost between 20 and 30. 
oz. of blood. Mr. S. examined the limb after death, but found no singular ap- 
pearance in the vessels, or the adjacent parts. 

The other woman was 24 years of age. She lost very little blood in the 
operation, and had continued extremely well ever after. The agaric seemed in- 
this instance, to have answered the most sanguine expectations. The following, 
are the particulars of this case, as related by Mr. Warner: 

II. The History of a Case relating to the Effects of the Agaric of Oak in Stopping 

Hcemorrhages. By Joseph Warner f Surgeon to Guys Hospital, and F.R.S 

p. 590. 

Saturday, December 9, 1752, Catharine Spong, aged 24, had her leg ampu- 
tated, about 4 inches below the knee, at 12 o’clock to-day, on account of an- 
incurable ulcer, with which she had been afflicted for 1 3 years. She lo6t very 
little blood by the operation. Immediately after the amputation, a piece of 
agaric, of a proper size was applied to the mouths of the principal arteries. Two- 
other pieces of agaric were applied to the mouths of 2 smaller arteries, which ap- 
peared at some distance from the principal ones. On the pieces of agaric, dossils 
of lint were applied, and over all a pledgit of tow spread with the common 
digestive ; all which were kept on by the common bandages made use of in the 
like cases, and applied with the same degree of tightness as usual. 

For an hour and a quarter after the operation, the ligature and tourniquet 
were kept on moderately tight, at a convenient distance above the knee, at the 
tod of which time it was slackened, so as to have no degree of pressure on the 
femoral artery, as the dressings and rollers appeared very little tinged with 
blood. The patient was much easier than Mr. W. had ever observed, after the 
use of the needle and ligatures. Her pulse appeared very little disturbed tills 
about 4 o’clock this afternoon, when the symptomatic fever began to come on, 
attended now and then with convulsive twitches of the stump, and thigh ; for. 
which reasons, the ligature was somewhat tightened. At 7 o’clock this evening, 
the ligature apd tourniquet were quite loosened ; soon after which, the convulsive 
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twitches became less frequent, and less severe. These convulsive twitches she had 
been long used to, and, by her own account, they were more severe before the 
operation, than they have been since. She hail but little rest to night. 

Sunday morning, at -J- after 10 o’clock, she appeared as well as could be 
expected, her pulse was calm, and she had no particular complaints. At 12 
o’clock at night she fell asleep, and so continued till after 7 o’clock the next 
morning. 

Monday morning she appeared well, her pulse was calm, and she had no par- 
ticular pain. Monday night she slept but little, but was very easy the whole 
night. 

Tuesday morning she appeared well, her pulse quiet. That morning at 11 
o’clock, she was dressed in the usual manner: the wound had a very good as- 
pect; she had suffered no particular pain in the parts where the agaric was 
applied, and was, in all respects, as well as could be expected. At 7 o’clock iii the 
evening she was perfectly easy ; the convulsive twitches, which she at first com- 
plained of, were then quite removed. 

Wednesday morning, she continued well, and perfectly easy; had no return of 
her convulsive twitches, nor was there any appearance of blood through the 
rollers, or dressings. 

Thursday, Dec. 14, she continued veiy well. Her wound was dressed that 
morning, at ± after 1 1 o’clock, when there appeared a veiy proper discharge of 
matter, not in the least tinged with blood. T,he whole of the agaric, with the 
rest of the dressings came off, without giving pain. She had the day before 2 
or 3 convulsive twitches of the stump, and thigh, but they were slight. Her 
pulse was good. 

II. A short History of the Effects of the Agaric of the Oak in Stopping Bleedings 

after some of the most capital Operations in Surgery ; with an Account of the 

Manner of its acting on the Vessels. By Joseph Warner , F.R.S. and Surgeon 

to Guy's Hospital, p. 593. 

The success which attended the application of the agaric in the instance of the 
young woman, the particulars of whose case have been stated in the preceding 
paper, induced Mr. Warner to try its effects in 4 other cases, the histories of 
which are as follows: 

Case 1 . — Jonathan Lee, aged 51, had his leg cut off, below the knee, on the 
7th of May, 1754. He was extremely reduced, in consequence of the disease; 
and the whole mass of blood was become so much impoverished, and altered 
from its natural state, as to appear like serum, both in texture and colour. 
During the operation, the screw-toumiquet was applied to the thigh with a de- 
gree of tightness sufficient to prevent the course of the blood. 
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Immediately after the amputation, bits of agaric were applied to the mouths of 
the vessels, and on them soft layers of lint; all of which were covered with a 
pledgit of tow spread with digestive, and were properly secured on by the com- 
mon bandage. About 3 or 4 minutes after he was rolled up, and put to bed, Mr. 
W. discovered the blood to discharge freely through the dressings; on which, he 
tightened the tourniquet, in expectation of stopping the bleeding, but it ap- 
peared evidently to increase it. Seeing this uncommon effect, Mr. W. quite 
slackened the tourniquet; on which, the bleeding immediately ceased. This he 
was led to from a supposition, that the veins had probably suffered so great 
a compression from the instrument, as to be incapable of returning that blood, 
which was carried to the neighbouring parts by the collateral arteries arising from 
the principal trunk above the ligature. But whether this was the true reason, or 
not, he would not take upon him to determine: however the fact was, that the 
bleeding immediately ceased, and did not return again. 

The patient was dressed on the 4th day after the operation, and the whole of 
the agaric was removed. Since that time he had been treated in the common 
method, without any further use of the agaric. The patient had very little fever, 
or pain, after the operation. He had a fair prospect of doing well. 

Case 2. — Elizabeth Hillier, a very lusty woman, 38 years of age, had her 
breast cut off on the 7th of May, 1754. The wound was large, and bled freely 
from several considerable arteries. Mr. W. made use of no other method to 
stop the bleeding, than the application of pieces of agaric to the mouths of the 
vessels, which were properly secured on by a flannel roller, after being first co- 
vered with lint, and a pledgit of tow spread with digestive. The symptomatic 
fever was very slight:- she had been quite free from those painful spasms which 
constantly arise from the use of the ligature v there had not been the smallest 
loss of blood since the operation. 

Her wound was dressed on the 4th day, when the whole of the agaric , came 
away: it was afterwards treated in the common method. She was in a veiy fair 
way of recovery. 

Case 3. — George Whitmore, aged 12 years, had his leg cut off; below the 
knee, on the 13th of May, 1754. The agaric and dressings were applied as in 
the preceding cases, which has answered perfectly well in all respects. The tour- 
niquet was quite removed in 10 minutes after the operation ; he had very little 
fever, restlessness, or pain. His wound was dressed on the 5 th day, and the 
whole of the agaric was removed. He was as well as could be expected. 

Case 4. — Richard Bamat, aged 54, had his leg cut off, below the knee, on 
the 21st of May, 1754. Mr. W. made use of no other methods to stop the 
bleeding than the agaric, which was applied as in the preceding cases. Imme- 
diately after the operation, the patient was put to bed, and the tourniquet let 
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quite loose. He has not sustained the smallest loss of blood since the opera- 
tion. The pain and fever had been very inconsiderable, and he seemed to be in 

a very fair way of doing well. 

/ 

LXXIX. Of a new Pyrometer, with a Table of Experiments made with it. 

By Mr. J. Smeaton, F. R. S. p. 598. 

This instrument is capable of receiving a har 2 feet 4 inches long, and might 
be made capable of receiving bars of a much greater length, of some kinds of 
materials, but not of others, on account of the flexibility brought on them by a 
degree of heat not greater than boiling water. 

The measures taken by this instrument are determined by the contact of a 
piece of metal with the point of a micrometer-screw. The observation ifc the 
best judged of by the hearing, rather than that of the sight or feeling. By this 
method Mr. S. found it very practicable, to repeat the same measurement several 
times, without differing from itself above -m-hr part °f 80 inch* This principle 
,of determining measures by contact is not wholly new, but has been employed 
on several occasions, as he was informed by the late Mr. Graham; but the pre- 
sent manner of applying it he believes is so: and the degree of sensibility miring 
from it exceeds any thing he had met with. As the method will easily appear by 
the draught (see pi. 9, fig. IQ and 11) he avoids a further description of it in 
this place.* 

As no substance has hitherto been discovered in nature, that is perfectly free 
from expansion by heat, I chose to construct this instrument in such a manner, 
that the bar, which makes the basis of the instrument, shall in each experiment 
suffer the same degree of heat, as the bar to be measured: of consequence, the 
measures taken by the micrometer are the differences of their expansion. The 
expansion then of the basis between two given degrees of heat being once found, 
the absolute expansion of any other body, by adding or subtracting the difference 
jU> or from the expansion of the basis, according as the body to be measured ex- 
pands more or less than the basis, will also be determined. 

When the instrument is used, it is immerged, together with the bar to be 
measured, in a cistern of water; which water, by means of lamps applied under- 
neath, is made to receive any intended degree of heat, not greater than that of 
boiling, and so communicates the same degree of heat to the instrument, the 
bar, and to a mercurial thermometer immerged in it, for the purpose of aaeer- 

• I have lately seen an instrument at Mr. Short’s, made by the late Mr. Graham, for measuring 
the minute alterations, in length, of metal bars which were determined by advancing the point of 
a micrometer- screw, till it sensibly stopped against the end of the bar to be measured. Hiis screw 
being small, and very lightly hung, was capable of agreement within the 5 or 4900th pert of an 
inch. — Orig. 
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tabling that degree. That this may be truly the case, the water should be fre- 
quently stirred, that there may be no difference of heat in the different parts of 
the water: this being done, the height of the quicksilver appearing stationary, 
the contact with the screw of the micrometer also remaining the same, for a 
space of time, it is to be supposed, that the heat of the 3 bodies will be the same 
as the heat of the water, however different they may be in specific gravity, &c. 
The whole difficulty is now reduced to this problem, viz. 

To find the absolute expansion of the basis between any two given degrees of 
heat, not greater than that of boiling water. 

For this purpose, let there be prepared a bar of straight-grained white deal, 
or cedar; which, it is well known, are much less expansible by heat than any 
metal hitherto discovered: let the bar be adapted to the instrument in like manner 
as the othef bars intended to be measured; but that the softness of the wood 
may not hinder the justness of its bearings, let its aids be guarded with a bit of 
brass let into the wood at the points of contact: to prevent, as much as may be, 
the moisture or steam of the water from affecting the wood; let it first be well 
varnished, and then, being wrapped round with coarse fiax from end to end, this 
will in a great measure imbibe the vapour, before it arrives at the wood. Let 
the cistern also be so contrived, that the instrument being supported at a proper 
height in it, the bar to be measured may on occasion be above the cover, while 
the basis remains in the water: thus will the cover also be a defence against the 
moisture. Let the water in the cistern be now brought to its lower degree of 
heat, suppose at or near the freezing point, the basis having continued long 
enough in the water to receive the same degree of heat, and the wooden bar 
having been previously kept in an adjacent room, not subject to sudden altera- 
tions of temperature by fire, or other causes; let the bar be applied to the in- 
strument, and the degrees of the micrometer and the thermometer read off, and 
set down: let the wooden bar be then restored to its former place, till the water 
is heated to the greater degree intended, suppose at or near that of boiling water; 
the lid being now shut down, and the chinks stopped with coarse fiax, to pre- 
vent the issuing of the steam as much as possible, let the wooden bar be again 
brought forth, applied to the instrument, and the degrees of the micrometer and 
thermometer read off; as before: the difference of degrees of the micrometer, 
corresponding to the difference of degrees of the thermometer, will express the 
expansion of the basis between those degrees of heat; that is, on the supposition 
that the wooden bar was of the same length, at the time of taking the second 
measure, as at the first; indeed a measure can hardly be taken without any loss of 
as the whole of the instrument, when the hot measure is to be taken, 
is considerably hotter than the wooden bar; and, in case of boiling water, the . 
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steam being very repellent and active, the bar is liable to be sensibly affected in 
its length, before the measure can be taken, both by heat and moisture, which 
both tend to expand the bar; but as the quantity is small, and capable of being 
nearly ascertained, a wooden bar, thus applied, will answer the same end as if it 
was unalterable by heat or moisture. To know therefore the quantity of this 
alteration, let the time elapsed between the first approach of the bar to the instru^ 
ment, and the taking of the measure, be observed by a second-watch, or other- 
wise; after another equal interval of time, let a second measure be taken; and 
"after a third interval, a third ; and a fourth ; the three differences of these four 
measures will be found nearly to tally with three terms of a geometrical progres- 
sion, from which the preceding term may be known, and will be the correction; 
which, if applied to the measure first taken, reduces it to what it would have 
been if the wooden bar had not expanded during the taking of it. From a few 
observations of this kind, carefully repeated, the expansion of the basis may be 
settled; and this once done, the making experiments on other bars will become 
very easy and compendious. 

- The basis of this instrument, as well as other parts of it, is brass. He chose 
this substance, rather than any other whose expansion was greater or less; because 
he found, from some gross experiments previously made, that the expansion of 
brass was nearly a medium between those bodies which differ most in their ex- 
pansion: a considerable convenience arises from this circumstance; because as 
the measures, taken in common experiments, are their difference from brass, the 
dependence on the thermometer will be less, as these differences are less. 

The bar of brass which compose the basis, is an inch broad by half an inch 
thick, and stands edgewise upwards; one end is continued of the same piece at 
right angles, to the height of 3-j- inches, and makes a firm support for the end of 
the bar to be experimented; and the other end acts on the middle of a lever of 
the second kind, whose fulcrum is in the basis; therefore the motion of the ex- 
tremity of the lever is double the difference between the expansion of the bar, 
and the basis. This upper part of the lever rises above the lid of the cistern, so 
that it and the micrometer-screw are at all times clear of the water. The top of 
the lever is furnished with an appendage which he calls the feeler: it is the extre- 
mity of this piece which comes in contact with the micrometer-screw. It hence 
appears, that having the length of the lever from ite fulcrum to the point of 
suspension of the feeler, the distance between the fulcrum and the point of con- 
tact with the bar, the inches and parts that correspond to a certain number of 
threads of the micrometer, and the number of divisions in the circumference of 
the index-plate; the fraction of an inch expressed by one division of the plate 
may be deduced; those measures are as follows. 
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From the fulcrum of the lever to the feeler 5.875 inches. 

From the fulcrum to the place of contact 2.8Q5 

Length of 70 threads of the screw 2.455 


Divisions in the circumference of the index-plate. . . . 100 

Hence the value of one division will be the P art of an inch ; but if the 

screw be altered ± of one of these divisions, when the contact between the screw 
and feeler is well adjusted, the difference of contact (if he may so call it) will be 
very perceivable to the slightest observer ; and consequently part of an inch 

is perceivable in this instrument. 

There is one thing still remains to be noticed, and that is, the verification of 
the micrometer-screw, which is the only part of this instrument that requires 
exactness in the execution ; and how difficult these are to make, perfectly good, 
is well known to every person of experience in these matters; that is, that the 
threads of the screw may not only be equidistant, in different places, but that the 
threads shall be equally inclined to the axis in every part of the circumference. 

The result of the experiments made with this instrument, agrees very well 
with the proportions of expansion of several metals given by Mr. Ellicott; which 
were deduced from his pyrometer published in the Philosophical Transactions : 
and, considering the very different construction of the two instruments, they 
abundantly tend to confirm each other. 

References to the Figures. 

Fig. 10, pi. 9, represents the instrument independent of the cistern in which it is used, abcd, 
is the main bar or basis of the instrument, ef, is the bar to be measured, lying in 2 notches; one 
fixed to the upright standard ab, the other to the principal lever ni. The end e of the bar ef, bears 
against the point of g, a screw of use in examining the micrometer- screw. The other end of the 
bar f bears against a small spherically protuberant bit of bard metal fixed at the same height as g, in 
the principal lever hi. k, is an arbor fixed in the basis, which receives at each end the points of the 
screws hi., on which the lever hl turns, and serve as a fulcrum to it. o, is a slender spring, to 
keep the lever in a bearing state against the bar ; and p, is a check, to prevent the lever from falling 
forward when the bar is taken out. n, is the feeler, something in the shape of a t, suspended, and 
moveable up and down on the points of the screws im, which, as well as lh, are so adjusted, as 
to leave the motion free, but without shake, qr, is the handle of the feeler, moveable on a loose 
joint at r ; so that, laying hold of it at q, the feeler is moved up and down without being affected 
by the irregular pressure of the hand. The extremity s of the feeler is also furnished with a bk of 
protuberant hard metal, to render its contact with the point of the micrometer- screw more perfect. 
t, is the micrometer-screw ; v is the divided index-plate, and w a knob for the handle. The micro* 
meter- screw passes through two solid screwed holes at d and y. The piece y z i^made a little 
springy, and endeavours to pull the screw backwards from the hole at n ; of consequence keeps the 
micrometer-screw constantly bearing against its threads the same way, and so renders its motion 
perfectly 6teady and gentle, x, is the index, having divisions on it, answering to the turns of the 
screw. This piece points out the divisions of the plate, as the face of the plate points out the divi- 
sors on the index. When the instrument is used, lay hold of the knob at q with one hand, and* 
moving the feeler up and down, with the other move forward the screw i, till its point comes in coo* 
tact with the feeler; then will the plate and index v and x show the turns, and parts. 
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Fig. 11, represent* the instrument immerged in its cistern of water, ready for use. a b, is the 
cistern; c, the cover; which, when the instrument fig. 10 is raised on blocks, goes on between the 
bar ef and the basis bc. d, a handle to take off the cover, when hot; e, the mercurial thermo- 
meter; r, the cock to let out the water, on, a hollow piece of tin, which supports seven spirit 
lamps, which are raised higher or lower by the screws 1 and k, in order to give the water in the as- 
tern a proper degree of heat. 


A Table of the expansion of metals; showing how much a foot in length of 
each grows longer by an increase of heat corresponding to 180 degrees of Fahren- 
heit’s thermometer, or to the difference between freezing and boiling water, 
expressed in such parts of which the unit is equal to the 10000th part of an inch. 


1 White glass barometer tube 100 

2 Martial regulus of antimony ISO 

3 Blistered steel 138 

4 Hard steel 147 

5 Iron 151 

6 Bismuth 167 

7 Copper hammered 204 

8 Copper 8 parts, mixed with tin 1 218 

9 Cast brass 225 

10 Brass 16 parts, with tin 1 239 


11 Brass wire 233 

12 Speculum metal 232 

13 Spelter solder, viz. brass 2 parts, zink 1 247 

14 Fine pewter 274 

15 Grain tin 298 

16 Soft solder, viz. lead 2, tin 1 301 

17 Zink 8 parts, with tin 1 , a little hammered 323 

18 Lead 344 

19 Zink or spelter 353 


20 Zink hammered half an inch per foot . . 373 


It is now several years, says Mr. S. since I first observed the very considerable 
expansion of the semi-metallic substance called zink, spelter, ortootanag; and 
proposed it as more fit for the purpose of making compound pendulums, and 
metalline thermometers, than brass; as its expansion seemed considerably greater, 
and its consistence, when gently hammered, not much inferior. With the same 
view I have made trial of several other metallic compositions, besides what is 
above set down ; but they all proved much inferior to zink in expansion, and 
most of them in consistence. 

It seems, that metals observe a quite different proportion of expansion in a 
fluid, from what they do in a solid state; for regulus of antimony seemed to 
shrink in fixing, after being melted, considerably more than zink. 


LXXX. Os the Sex of Holly. By Mr. John Mariyn, F. R. S. Professor of 
Botany in the University of Cambridge, p. 613. 

The holly, agrifohum, or aquifolium, is described' by all authors as bearing 
hermaphrodite flowers; but Mr. M. thinks that this tree is male and female in 
different plants. He had in his garden at Streatham in Surry, 6 pretty large 
plants, with differently variegated leaves, in full flower, 3 males, and 3 females, 
growing in pairs, and a male growing by itself, in another part of the garden. 
The female is that which has been described by authors, and be did not know 
that any one had described, or even taken the least notice of the male. 
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The male flower, a6 well as the female, is monopetalous, cut deeply into 4 
segments, with a very small empalement, divided also into 4 parts. It has 4 
conspicuous chives, which sustain yellow summits, in which is great plenty of 
farina; but it has nothing like either stile, or ovary. The female flower has, 
besides its essential part, the ovary, 4 short filaments, which have hitherto been 
taken for chives, or male organs of generation; but as he could not perceive that 
they bear any summit, or yield any farina or fecundating dust, he rather believes 
that they are tubes, which assist in conveying the impregnating particles to the 
seeds; which opinion seems in some measure confirmed by the germ being placed 
in the lower part of the seed, according to Caesalpinus, who ranges this tree 
among those quarum semina cor in inferiore parte habent. 

Ray has placed it among the arbores flore, fructui contiguo; but Mr. M. 
thinks it ought to be removed to the arbores flore a fructu remoto. It must also 
be removed from the tetrandria tetragynia of Linneus to the dioecia tetrandria. 
But if the 4 filaments in the female flower should be found, on a more accurate 
observation by better eyes, to be real chives, and to contain a fecundating dust, 
it will belong to the polygamia. But whether the tree, which he verily believes 
to be purely female, is really so, or hermaphrodite, he is certain that the other 
is purely male; and even in this case his observation is new. 

Mr. W. Watsons Opinion on Mr. Marty ns Paper on the Sex of the Holly, p. 615. 

I first examined, in company with Mr. Miller, the holly trees in the botanical 
garden at Chelsea. We there found, as Mr. Martyn had, that the flowers were 
of different sexes; but not asthose in the Dr.’s garden, male and female on dif- 
ferent plants, but female and hermaphrodite on different plants. I afterwards, 
both at Hampstead, and at the duke of Argyll’s at Whitton, observed several 
trees bearing male flowers, others female flowers. Hence it appears, that not 
only Mr. Martyn’s observation of the holly being male and female in different 
trees is well founded, but also that it is male, female, and hermaphrodite, on 
different trees; and I should not wonder, if on a still further examination, as in 
the mulberry, that the male and female flowers of the holly should be found, not 
only on different, but on the same tree: or even, as in the empetrum, or berry- 
bearing heath, that some holly-trees should be found bearing only male flowers, 
others bearing only female flowers, others only hermaphrodite flowers, others 
both male and female, others both male and hermaphrodite, others female and 
hermaphrodite, others still bearing' flowers male, female, and hermaphrodite on 
the same tree. The holly therefore, as Dr. Martyn has justly observed, should 
be removed, in the system of Linneus, from the tetrandria tetragynia; but 
not to the dkecia tetrandria, but rather to the class polygamia, and to the order 
trioicia. 
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LXXXI. A Continuation of the Account of the Weather in Madeira. By Dr. 

Thomas Heberden. p. 617. 

This paper contains first a medium of the greatest, least, and mean height of 
the barometer and thermometer, at Funchal in Madeira, for each month of the 
years 1751, 1752, 1753, which have but very small differences and changes. 

By collecting the respective sums of the daily heights of the instruments 
throughout the year, and extracting the mean altitude, it is found that the mean 
altitude of the barometer for each day, is 29.9 15 inches, and of the thermo- 
meter, 68°.918. The greatest barometrical variation, during 4 years and 4 
months, has been X V of an inch only, viz. from 29.3 to 30.2. The greatest 
thermometrical variation, during the said time, has been 20°, viz. from 6o° to 
80°; but it may be observed, that it never rose so high but once; occasioned by 
a very strong leste or levant wind; the extreme height, without such an accident, 
being never more than 7 8°. 

The quantity of rain which fell in the 7 years, from 1747 to 1753, inclusive, 
amounts to 214.346 inches. Therefore the mean quantity for each year is 
30.62 +. 

LXXXII. On Father Kircher's Opinion concerning the Burning of the Fleet of 

Marcellus by Archimedes. By James Parsons, M. £>., F. R. S. p. 621. 

Dr. P. says, that though the machines invented by Archimedes when Mar- 
cellus besieged the city of Syracuse, as described by Livy, Plutarch, and Poly- 
bius, were wonders, surpassing the comprehensions of the generality of mankind, . 
yet what was most discredited, was Archimedes’s setting fire to the ships, by a 
burning speculum. Indeed so distinguished a genius, if be could not destroy 
them in that manner, must know, that he might have thrown combustible matter, 
sufficient to bum the galleys, from his projectile machines; for we cannot ima- 
gine that he was ignorant of every kind of these, and not even of the wildfire 
of the Greeks. But, however, to account for his burning the fleet, by a spe- 
culum, was the difficult point. 

When philosophers began to increase their catoptrical experiments, which they 
did very early, they found the focus, of every speculum that was concave, so 
short, that they were easily inclined to conclude that Archimedes could not set 
fire to the fleet by a speculum ; and hence the fact became entirely discredited, 
till Kircher, and his pupil Schottus, whose characters and works the learned 
world is well acquainted with, resolved to consider not only the stoiy of Archi- 
medes, but also that of Proclus, who is said to have destroyed a fleet at Con- 
stantinople in the same manner. Kircher however, notwithstanding the incre- 
dulity of the learned of his time, was not deterred from giving attention to the 
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matter himself;, which led him to make innumerable experiments, to see whether 
it were possible to be done or not, before he would give any opinion about it ; 
and at length, when he had commended the parabolical speculum, which he and 
others were inclined to think the most likely to succeed in such an enterprize ; 
•he was inclined to think that Archimedes made use of such a speculum. 

But soon afterwards he became dissatisfied with this notion, and beginning to 
make new attempts, he fell upon one which lessened his former good opinion of 
the parabolical speculum, and made him more sensible of the inconveniencies 
attending it, or those of any other form, that had any great degree of concavity t 
and in short engaged him entirely in favour of his new thought, which was put 
in execution in the following manner : 

He erected a frame, on which he placed 5 plane specula, of equal given di- 
mensions, with such inclinations as made them all throw their reflected rays on 
the same place, at more than 100 feet distance. When he had set the first spe- 
culum, he went and laid his hand on the place where he caused the rays to fall, 
and found it warm ; when he added those of the 2 d, the heat was doubled ; the 
3d increased the heat' in the same proportion ; and the 4th being added, the heat 
was - scarcely to be borne; but the 5th made it intolerable. Whence he con- 
cludes, that, by multiplying those specula, the heat might be so increased, as 
to set fire to combustible matter at greater distances, according to the number 
applied. 

Schottus gives the same account of Kircher’s experiment. He accompanied 
him in all his trials, as well as in his journey to Syracuse, after he had brought 
his plane mirrors to answer his purpose ; and, on viewing the place, they both 
concluded, that the galleys of Marcellus could not be farther than 30 paces from 
Archimedes. And yet Schottus declared, that if a concave speculum could be 
constructed, as large as the rotunda, it could not have a sufficient focus to effect 
what both Archimedes and Proclus are said to have done. 

Thus we see Kircher had scientifically established the problem, for the con- 
struction of a burning machine, consisting of any number of plane sj^scula ; 
which was afterwards further confirmed by Buflbn, as appears in 2 letters ; 
printed in these Trans.* If so, we cannot suppose he could have seen ''what 
either Kircher or Schottus had written about it 

JjXXXIIL On several Bones of an Elephant found at Leysdown in the Island 
of Sheppey . By Mr. Jacob, Surgeon at Fevers ham. p. 626 . 

Three or 4 years before Mr. J. had sent the acetabulum of an elephant, which 
was discovered sticking in the clay, which was partly washed away from the cliffy 

* See page 344 of the 9 th vol. of these Abridgments. 
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at Leysdown, in the isle of Sheppey, a mile eastward of the cliffs of Minster. 
This, with other parts, as one of the spinal vertebrae, a thigh-bone 4 feet long, 
and numberless other fragments, too rotten to be then taken up entire, he saw ; 
all which lay below high-water mark : and as the place, and some adjacent land, 
soon after, became his property by a purchase he made, he went, attended by 
workmen, in search of more, and found an elephant’s tusk ; and, as it lay entire 
to appearance, took its dimensions ; which were, in length, 8 feet ; and in cir- 
cumference, in the middle, 12 inches : but it fell all to pieces, when they en- 
deavoured to raise it. He found also part of a scapula, its sinus almost entire, 
and 3 inches diameter. He found also some pieces of grinders. The pyrites 
however abounds so much in the clay where this animal was embedded, that he 
despaired of finding any whole bones : but he thinks these fragments are suf- 
ficient to show, that the elephant was as large as that mentioned by Tentzelius, 
in these Transactions. 

The apex of the tusk, which Mr. J. preserved, together with the acetabulum, 
were both found within 20 feet of the other bones mentioned, and were, as Mr. 
J. apprehended, in better condition then than at the above date, from their 
being taken up immediately on being discovered, and not left to be exposed to the 
injury of the weather, and violence of the tides ; which soon affects bodies so ex- 
posed, after having lain under ground for ages. 

LXXXIV. On the Animal Life of those Corallines , that look like Minute Trees, 

and grow upon Oysters and Pucuses all round the Sea^eoast of this Kingdom. 

By Mr. John Ellis, p. 627 . 

The doubts still remaining on the minds of many learned men, of the animal 
nature of corallines, on account of their beautiful ramifications, and regular plant- 
like appearances, determined Mr. E. to persuade Mr. Ehret to accompany him 
to the sea-side, that he might there be an eye-witness of what he had advanced, 
and to make exact drawings of the several different objects, as they appeared to 
him through the microscope. 

Accordingly, June 3, 1754, they set out, and arrived at Lewes in Sussex that 
evening, and the next morning at Brighthelmstone. The weather being very 
calm, and few fucuses or corallines being thrown ashore on the beach, they hired 
a fisherman, the next day, to take up some oysters from an old oyster-ground, 
that had been long disused, lying about 3 or 4 leagues off to sea, and where, by 
his description, the shells were covered with great varieties of these minute tree- 
like corallines ; with directions that, as soon as he took them out of the sea, he 
should immediately put them into a bucket of sea-water ; but unfortunately be 
put the oysters into a fisherman’s basket ; by which means many varieties were 
dead, though they received them 2 hours after they were taken out of the sea. 
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and had them put immediately into sea- water: however, by the oysters lying on 
each other, some of the corallines were kept so moist, as to be perfectly alive 
and brisk. In order to distinguish them more easily, they plucked them off the 
oysters, and placed them in white earthen plates, and poured as much sea-water 
over them as would just cover them. After letting them rest for a little while, 
to recover themselves, they could easily discover, with a magnifying glass of an 
inch focus, which were alive, and which not: accordingly, Mr. E. cut off smalt 
pieces of several of the liveliest, and placed them in watch-glasses filled with sea- 
water ; these, after resting a little while, he placed, one after another, on the 
stage of the microscope. The unusual sight so amazed his friend (who had his 
doubts), that he could scarcely believe his own eyes ; for he had hitherto ima- 
gined, with many others, that these corallines were vegetables, and only the re- 
ceptacles of animals, as many other plants are, and not the proper cases, skins, 
or coverings, of their bodies. 

The first coralline* that offered itself to their view, was N° 1, pi. 12, where it 
is represented, in its natural appearance, climbing on the podded fucus a, with 
irregular thread-like ramifications, as at b; one of which is exhibited magnified 
at a, in which is observed a broad dark line in the middle of the transparent stem 
and brandies. This is part of the tender body of the animal, and seems as a 
support for its several heads and stomachs, with the many hands or claws be- 
longing to each : for at the top of each of the branches we may observe a polype 
with 20 tentacula, or claws, which do the office of hands, its mouth being in the 
centre of them, and its stomach underneath, inclosed in a fine transparent cup. 
The fine outlines represent the horny skin, or outer coat, that serves this com- 
pound animal as a defence, in the same manner as the shells of testaceous or 
crustaceous sea-fish. The skin or covering of the arms, that support the cups, 
is formed in small rings, which gives the animals the more freedom to move 
about dextrously in seizing their prey. 

At letter b is the microscopical representation of a still smaller coralline -J-- than 
the former; the size of it a little reduced is expressed at fig. 2. This creeps up, and 
twines round other corallines by small vermicular tubes, and sends out its curious 
slender arms irregularly : these arms, in the microscope, look like rows of the 
smallest beads of a necklace : to the top of each of these is fixed a cup, for the 
reception of the polypes, the brim of which is curiously indented. These they 
saw alive, and extending themselves about in various directions. 

Fig. N° 3, represents part of another coralline, J just as it appeared expanded in 
a plate of sea-water. It is called, in Ray’s Synopsis, ed. 3, corallina ramosa cirris ob- 

* Sertularia geniculata, Linn. f Sertularia volubilis. Linn, Gmel. 

J Sertularia antennina. Linn. 
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sita; and by Doody, in Ray’s Synopsis, ed. 2, fruticulus degans geniculdtus 
cirris obsitus. Letter c expresses a branch of this coralline magnified ; where 
you may observe, on each capillary side-branch, rows of small polypes, each; • 
with 8 tentacula, or claws, rising out of little sockets. The upper division or 
tube of these little branches, as at b, appears full of joints, one to each polype 
but they could easily perceive that all the polypes were connected together, and 
communicate with the principal stem, or body, which is inclosed in the middle 
tube. The under small tube of the capillary side-branch at c, which runs pa- 
rallel with the upper one b, and adheres to it, appeared clear, hollow, and 
jointed. 

This coralline arises from a tuft of small irregularly-matted tubes, like a sponge 
growing to an oyster-shell, as at g; the smaller branches e are inserted in circles- 
round the larger branch f, at equal distances, like the plant called horsetail, or 
equisetum. As they were observing these corallines, they perceived, on one of 
them, a different-shaped polype, which pushed itself out of a small funnel-shaped 
pipe : this was inserted in a cell, whose brim or border was surrounded by little 
spines. These cells composed that spongy rough matter, which incrusts almost 
all marine substances, but chiefly fucuses. Fig. 4 represents these cells on a 
fucus; letter d expresses the cells and polypes, with 12 tentacula to each, as 
they appear magnified ; where the animals are seen raising and expanding them- 
selves. When they are disturbed, they draw themselves within their sheath or 
pipe, which closes on them, and sink together into their cells. 

The curious denticulated coralline* at N° 5, has very much the appearance of a 
plant, at first view, even when it is magnified, as at e. This gave a further 
corroborating proof, that these extraordinary species of beings are animals : for 
they observed that the smaller polypes, that extend themselves out at the open- 
ing of every opposite denticle, or little projecting tube, are united at the bottom, 
or lower part, to the fleshy substance of the main body, that passes through the 
middle of each branch, or stem, and are so many different bodies united in one ; 
acting like so many sets of hands, placed in form of a circle, collecting food, 
each for a mouth in the centre, to convey nourishment to so many stomachs, 
which are fixed in the swelling part, or bottom, of each denticle. This great 
supply of nourishment from all sides, gives that great increase, and variety of 
ramifications, to this wonderful class of many-bodied animals. 

Besides these small polypes, which compose the branches, these coralfines send 
forth, from several parts, many vesicles, of different shapes, at certain seasons 
of the year, according to their different species. These vesicles are protruded, 
from the outer skin or homy covering of these branched polypes, and from, the 

* Scrtularia rosacea. Linn.. 
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inner or fleshy part arises a large polype ; one of which occupies each of these 
vesicles. 

Thus a coralline foil of vesicles looks like a plant full of blossoms, which, after 
they have arrived at their perfect state, fall off, with their capsules or vesicles, 
and become new-detached animals, to provide for themselves ; in the same man- 
ner as the falling seeds produce other plants. 

On examining this coralline, they found that the animals in the vesicles were 
dead ; but immediately afterwards they had an opportunity of discover ing the 
vesicular polypes alive, in another coralline ; * which are described at fig. 6, and 
at letter p as they appeared magnified. This species Mr. E. called the sea-oak 
coralline, from its being most frequently found creeping on, and adhering to the 
largest species of the quercus marinus, or sea-oak focus. 

The vesicles of the denticulated coralline, letter r, are described as they ap- 
peared foil of spines at the top, and closed up, as at letter g. The vesicles of 
the same species are more frequently found as described at i, where the spines 
are not unfolded: from this appearance, he called it the pomegranate-flowering 
coralline, because they nearly resemble the opening blossom of the balaustine, 
or double flower of the pomegranate. 

The branches of this coralline are often observed to end in vermicular tubuli, 
as at h, which are much of the same form with those it begins with ; so that 
these animals can, and do, change their shapes, for the several ends and pur- 
poses of their being ; and this in a most surprising manner. 

He had further an opportunity of examining some of those kind of corallines, 
which he called celleferous, from their having rows of cells disposed in plant- 
• like ramifications. The small black spots in each cell, which he had conjectured 
before to be the embryo of a future testaceous animal, (Vid. Phil. Trans, vol. 
48, tab. 6, p. 115) he found now to be the contracted bodies of dead polypes ; 
for they here saw some of these polypes -j* alive, and extending themselves out of 
their cells, as at k, fig. 7 ; and on reviewing them, when they were dead, found 
they made the appearance of blackish spots in each cell, as at l, fig. 7. So that 
they had reason to suppose that this species of polypes that form these corallines, 

■ do change into testaceous bodies. 

LXXXK. Extract of a Letter from Camilla Paderni, Keeper of the Museum 

Herculaneum , to Tho. Holies x Esq. Dated at Naples , April 27, 1754. 

p. 634. 

The plaoe where they are digging at present, is under II Bosco di Sant’ Agos- 
tino, but a little distant from the royal palace at Portici. Its depth is 125 Nea- 

* Sertolaria puToila. Linn. t Sertularia scroposa. Lino. 
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politan palms,* one of which is more than the mercantile canna of Rome. All 
the buildings discovered in this site are noble : many of the pavements are of 
mosaic, variously and finely made ; others are of different-coloured marbles, dis- 
posed with a beautiful symmetry ; and most of them are already taken up. In 
one of these buildings there has been found an entire library, composed of 
volumes of the Egyptian Papyrus, of which 250 have been taken out ; and the 
place is not yet cleared or emptied, it having been deemed necessary to erect 
props first, to keep the earth, which lies above it, from falling in upon it. 
These volumes of Papyrus consist of Latin and Greek manuscripts ; but from their 
brittleness, occasioned by the fire and time, it is not possible to unroll them, being 
now decayed and rotten. There have been found some of those small tables, 
which they covered with wax and the palimpseston, and then wrote on them with 
the stylus : but all these are become a kind of cinder ; and have also suffered by 
the damps ; from both which circumstances they are now so tender, that they 
break with the touch. 

In the same place there have been found 3 small busts ; one of Epicurus, an- 
other of Zeno, and the third of Humachus ; with the names of each inscribed 
on the basis, in Greek letters. A little distant from the preceding site has been 
discovered another noble building, with a square court belonging to it ; the inside 
of which alone has been hitherto examined. This square is formed with fluted 
columns made of brick stuccoed. In the angles were 4 terms of marble, with 
busts on them, in bronze, of the finest manner, having the name of the Greek 
workman on one of them. In the centre, between the terms, was a small foun- 
tain, formed by a vase shaped like a cockle-shell, and supported by a small fluted 
column. There have been also found 3 other busts, large, and in bronze, likewise 
of the most excellent workmanship. Within these few days the following things 
have been taken out of the same site ; viz. a female statue, 6 palms high, per- 
haps a goddess, though without any attribute, and but of middling workmanship; 
~2 most beautiful candlesticks, 6-1- palms high, exquisitely wrought in chased 
work ; other candlesticks, much damaged by the fire and time ; many fragments 
in bronze, which, not having any particular merit, it is needless to describe, 
except two small figures of fawns, that are finely executed. In the same place 
was discovered a large fountain, lined throughout with lead : round it were 1 1 
heads of lionesses, out of which the water flowed. Pipes of lead are very often 
met with ; and scarcely a day passes but something is brought. 

itXXXVl. Experimental Examination of a White Metallic Substance said to be 

found in the Gold Mines of the Spanish West-Indies, and there known by the 

* A Neapolitan palm is said to be 11| inches English.— Orig. 
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Appellations of Platina. Platina di Pinto , Juan Blanca. By William Lewis * 
M.B., F. R. S. p. 638. 

PAPER I. 

Exper. 1 .— rThe substance brought into England under the name of platina 
appears a mixture of dissimilar particles. The most conspicuous, and by far the 
largest part of the mixture, are white shining grains, of seemingly smooth sur- 
faces, irregular figures, generally planes with the edges rounded off. On exa- 
mining these with a microscope, the surface appeared in some parts irregular, 
the prominencies smooth, bright, and shining ; the cavities dark-coloured and 
roughish. A few of them were attracted, though weakly, by a magnetic bar. 
These grains are the true platina. The heterogeneous matters intermixed among 
them, in the several parcels, were, 

1. A blackish dust, separable by a fine sieve. This was further divided, by 
a magnetic bar, into 2 different substances: the part attracted was of a fine 
sparkling black colour, much resembling the black sand from Virginia : the part 
not attracted was of a dark brownish hue, with several bright moleculae, which 
appeared to be fragments of the grains of platina. 2. Among the larger grains, 
separated by a coarse sieve, were sundry irregular dark-coloured particles, some 
blackish, others with a cast of brownish red, in appearance resembling frag- 
ments of emery or loadstone. Several were attracted weakly by the magnet. 

3. There were a few rough yellow particles, resembling gold, which on further 
examination they were found to be, though probably not entirely free from pla- 
tina. 4. A few globules of. quicksilver, containing gold, with some particles of 
platina intermixed and pretty strongly adhering. 5. Some fine transparent par- 
ticles, probably spar. 6. A very few irregular particles, of a jet black colour. 
These broke easily, and looked like the finer kinds of pit-coal. Laid on a red- 
hot iron, they emitted a yellowish smoke, and smelt like burning coal. 


* This memoir, with its continuations in the 50th vol. of the Phil. Trans, is one of the most va- 
luable chemical papers which had hitherto been presented to the r. s. Some years afterwards, these 
papers were reprinted by Dr. Lewis, accompanied with an account of all that was then known re- 
specting platina, in his Commercium Philosophico-Technicum, a work containing much useful infor- 
mation, and, at the same time, suggesting various improvements in the arts connected with chemistry. 

Beside these. Dr. L. published a Course of Practical Chemistry $ a translation, with notes, of 
Neumann's Chemistry $ a New Dispensatory j and an Experimental History of the Materia Medica. 
The last 2 works are of the highest merit in their kind, exhibiting (to use the words of an able critic 
on this subject) correct descriptions of drugs, with useful experiments in their treatment by different 
xnen8truums, while the author is very chaste in ascribing virtues, and in repeating from former 
'writers. And from his own experience, as well as that of the most skilful London practitioners, he 
gives a sounder judgment of the real virtues of medicinal substances than bad been given before. 

When Dr. Lewis died, or what was his age, at the time of his decease, or any other particulars 
concerning his life, we have not been able to learn. 

t From the experiments of later chemists, it appears that the ores of platina contain several distinct 
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Remarks. — 1. It appears from the foregoing observations, that this mineral 
has not come to us in its native form ; being probably taken out of the mines ia 
large masses, which have been broken, and treated with mercury, to extract the 
gold, of which possibly it at first contained a considerable quantity. The quan- 
tity left by the workmen is extremely small ; some pounds of the mixture having 
yielded only a few grains. A moderate fire renders more of these golden particles 
discoverable, than can be seen at first ; the mercury evaporating, by which se- 
veral of them were concealed. 2. Some part of the brownish powder is probably" 
adventitious, as well as the mercury ; being worn off from the stampers and 
mills employed for comminuting the mineral, and triturating it with the mer- 
cury. 3. The roughness and dark colour of the cavities of the grains of platina, 
seem to proceed from a substance similar to the black dust adhering in them. It 
is probably owing also to this heterogeneous magnetic matter that some of them 
are attracted by the loadstone. 

Exper. 2. — Some of the purer grains of platina, by gentle strokes of a flat 
hammer, on a smooth anvil, bore to be considerably flattened, without breaking 
or cracking about the edges: some quickly cracked,, and discovered internally a 
close granulated texture. All are reducible, by rude strokes in an iron mortar, 
though with difficulty, into powder. They seemed to be rather more brittle 
when ignited, than when cold. . 

Exper. 3. — The specific gravity of platina, with its heterogeneous admixtures, 
as brought to us, was found to be to that of water, as 16.995 to l.OOO. The 
quantity weighed for this purpose was no less than 2000 Troy grains. 

The larger grains of platina, separated as much as possible from the other 
matters by the sieve, and cleansed by heating, boiling in. aqua fortis, mixing 
them with sal ammoniac, and forcing off the salt by fire, and afterwards washing 
them; weighed in air 642, in water 606.75 : whence their gravity turns out 
18.213. The microscope still discovered a considerable portion of blackish mat- 
ter in their cavities. These trials were several times repeated on different parcels 
of platina : the result was nearly the same in all. 

Remark . — The gravity of this mineral, great as it appears to be from the fore- 
going experiments, would probably turn out still greater on a further purifica- 
tion of the platina, since it is manifestly mixed with some of the lighter hetero- 
geneous matters. 

Exper. 4. — A quantity of platina, containing its usual admixture of magnetic 
dust, was kept for some time of a moderate red heat in an iron ladle. The 
bright particles became somewhat duller coloured ; the magnetic ones were no 

t 

metallic substances. See Wollaston in Phil. Trans, for 1804 and 1805, as before quoted at p. 103 
of this voL of these Abridgments. 
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longer attracted. In other respects there was no sensible alteration. 2. An oz. of 
platina Was urged with a strong sea coal fire, in a blast-furnace, for above an 
hour : the heat was so vehement, that the black-lead crucible vitrified, and the slip 
of Windsor brick, which covered it, melted and ran down. The grains of platina 
were found superficially cohering into a lump, of the figure of the bottom of the 
crucible, of a brighter colour than at first. On a slight blow, they readily felt' 
asimder again, and seemed not to have altered their shape. 3. In several repe- 
titions of the experiment, the platina began to cohere in a moderate white heat : 
the grains were at this time very easily separable, and seemed to cohere the -more 
strongly in proportion as the heat was raised. In the most intense fires, which 
the common vessels could not long support, the platina did not melt, or softei), 
or alter its figure, or lose sensibly of its weight. The colour was constantly 
brightened by a strong heat, and generally rendered dusky by a small one : on 
quenching it, when violently heated, in cold water, the grains, which composed 
the internal part of the lump, acquired a violet or purple colour. 

Exper. 5. — 1. As the power of fire on metallic, as well as earthy substances, is 
remarkably promoted by the immediate contact of fuel, and the impulse of air on 
the subject ; platina was exposed to its action in those circumstances. A cru- 
cible, having a bed of charcoal in it, was laid on its side, in a good blast-fur- 
nace, with its mouth towards the nose of the bellows ; and 4 ounces of platina 
spread on the charcoal. The fire was vehemently urged for above an hour, 
during which ah intense white flame passed through the crucible, and issued at 
an aperture made for that purpose. The crucible was vitrified : the 'grains of 
platina only superficially cohered, and became brighter, as in the preceding ex- 
periment, without seeming to have softened or altered their shape. 2. The ex- 
periment was several times repeated, and varied : once, common salt Was thrown 
on the fuel before the crucible, and its fumes strongly impelled on the platina : 
some platina was likewise placed before the nose of the bellows in violently-ex- 
cited sea-coal fires, so 6trong as almost instantly to melt off a piece of the end of 
a forged iron rod, without effect ; except that once there were a very few globu- 
lar drops, about the size of very small shot : these broke easily on the anvil, and 
looked, both internally and externally, like platina. 

Remark . — It is probable, that the fusion here was owing to some accidental 
admixture, possibly iron : for the unmelted grains, exposed afterwards to a fire 
rather more intense, suffered no sensible alteration. 

Exper. 6 . — Platina was likewise exposed to the fire in conjunction with se- 
veral substances, which are found to promote the fusion of other bodies, or to 
occasion considerable alterations in them, l . Platina mingled with powdered 
charcoal, with compositions of charcoal, soot, common salt, and wood ashes, 
substances employed /or changing iron into steel ; suffered no change in weight 
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or appearance, whether urged with, an intense fire, or cemented for many hours 
in a weaker one. 2. Platina was injected into melted borax, and urged with an 
intense fire for several hours, without undergoing any alteration. Nor had 
black flux, common salt, pure fixed alkaline salts, or caustic alkalies, any sen- 
sible effect. 3. Vitreous matters were no more powerful than the saline. Pla- 
tina was kept in strong fires, for several hours, with common green glass, with 
glass of antimony, and with glass of lead, without seeming to be in the least 
acted on by either. 4. Platina was likewise stratified with plaster of Paris, a 
powerful flux for the most difficultly-fusible metallic body hitherto known, 
forged iron ; as also with quicklime, and with calcined flint ; with as little effect 
•as in the former trials. 

Exper. 7. — Nitre, which reduces all the known metallic bodies, except gold 
and silver, into a calx, was mixed w'ith an equal weight of platina, the mixture 
Injected into a strongly ignited crucible, and the fire kept up for a considerable 
time; no deflagration happened; and the platina, freed from the salt by re- 
peated ablutions with water, proved of the same weight and appearance as 
at first.* 

Exper. 8. — 1 . An ounce of platina was spread on twice its weight of sulphur, 
with which some powdered charcoal had been previously mixed to prevent its 
becoming fluid in the fire so as to suffer the platina to subside. The crucible, 
having another with a hole in the bottom inverted into its mouth, was kept in a 
cementing furnace for several hours ; when the sulphur was found to have en- 
tirely exhaled, leaving the platina separable from the charcoal by washing, with- 
out alteration or diminution. 2. We likewise varied the experiment, injecting 
repeatedly pieces of sulphur on platina strongly heated ; and constantly found 
that pure sulphur had no more effect on this mineral, than on gold itself. 3. 
As fixed alkaline salts enable sulphur to dissolve gold ; platina was exposed to the 
fire with a mixture of sulphur and alkali, called hepar sulphuris. After a consi- 
derable heat had been continued for some time, and the matter occasionally 
stirred, very little of the platina was found remaining in its proper form ; the 
greatest part being taken up by the sulphureo-saline mixture, so as td dissolve 
along with it in water. 

General Remarks. — It appears, from the foregoing experiments and observa- 
tions, 1 . That probably this mineral i3 originally found in large, hard masses, 
composed of true platina, a substance similar to the black Virginia sand, and an- 
other ferruginous matter of the emery kind, some spar, and particles of gold. 
2. That these masses are, not without great labour, reduced into small grains, 
which are afterwards ground with mercury, in order to extract the gold. 3. 

* See Tennant on the Action of Nitre on Gold and Platina in the Phil. Trane, for 1 797 • 
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That the pure platina is a white metallic substance, in some small degree mal- 
leable ; that it is nearly* as ponderous as gold, equally fixed and permanent in 
the fire, equally indestructible by nitre, uhaffected by sulphur, dissoluble by 
hepar sulphuris. That it is not to be brought into fusion by the greatest degree 
of fire procurable in the ordinary furnaces, whether exposed to its action in close 
vessels, or in contact with, the fuel ; by itself, or with the addition of inflam- 
mable, saline, vitreous or earthy fluxes. -j* 

PAPER II. 

The more obvious properties of this extraordinary mineral, and its habitus to 
fire, singly, and in conjunction with the various substances called by the che- 
mists fluxes, made the object of the first paper. In this, it is proposed to exa- 
mine the effect of acid spirits, simple and compound, applied after various 
manners ; in order to determine not only its relation or habitus to them, but 
likewise its less obvious agreement or disagreement with the metallic bodies, 
whose history is more known. 

The platina employed in the following experiments was previously freed from 
its fine dust by a sieve ; from the mercury, by ignition ; and from the golden 
and some of the other heterogeneous particles, by the eye assisted with glasses. 

Eitper. 1 . — Platina with the Vitriolic Acid. 1 . Several parcels of platina 
were digested for some hours, in a gentle heat, with spirit of vitriol, both con- 
centrated, and diluted with different proportions of water. No solution hap- 
pened, nor any sensible alteration, either in the liquors or the platina. 2. Three 
ounces of well-dephlegmated spirit of vitriol were boiled with one ounce of pla- 
tina, in a tall, narrow-necked glass, for some hours. The liquor remained 
nearly of the same quantity as at first; and no change could be perceived either 
in it, or in the platina. 3.' The glass being cut off a little above the liquid, the 
heat was gradually increased, till the liquor, which now began to evaporate, had, 
in 3 or § hours, totally exhaled, and the platina become dry, and red-hot. 
When cooled, washed with water, and exsiccated, it was -found exactly of the 
came weight as at first, and its grains not divided, or apparently altered. 

Remark . — Platina appears therefore entirely to resist the vitriolic acid ; which, 
by one or Other the above processes, dissolves or corrodes every other known 
metallic body, except gold. 

Exper. ‘Qi^—Ptatma with the Marine Acid. 1. Weak and Strong spirits of 
cak being digested, separately, with their weight of platina, in a gentle 

* More ponderous than gold when duly purified, ks specific gravity feeing then £3.000$ whereas 
.that of £ok& is only . 

4 White arsenic excepted $ for on exposure to a sufficient degree of heat, with such an addition, it 
tatty he brought into fusion. 
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heat, for several hours, the liquors remained uncoloured, the platina unaltered^ 
and undiminished. The heat was afterwards increased, and the liquors kept 
strongly boiling till they had totally exhaled, without occasioning any sensible 
change in the platina. 2. Three ounces of a mixture of 2 parts decrepitated 
, sea-salt, and 3 parts of vitriol highly calcined, were pressed smooth into a cru- 
cible ; an ounce of platina spread evenly on tire surface, and covered with some 
more of tire mixture ; the crucible closely luted, and kept in a moderate red 
heat for several hours. On examining it when cold, the saline mixture was 
found to have melted, and formed a smooth, uniform lump. The platina, which 
had sunk to the bottom, being separated from the mixture by washing, proved 
of the same appearance as at first, though a little deficient in weight. 3. The 
experiment was repeated with what is called the regal cement, a less fusible 
mixture, composed of common salt and colcothar each one part, and 4 parts of 
powdered red bricks. An oz. of platina, surrounded, as above, with 6 o z. of 
this composition, and cemented in a close-luted crucible with a red heat, for 20 
hours, was still found unaltered in appearance, though there was some deficiency, 
as before, in the weight. 

Remark. — The marine acid, when thus detained in the fire by the combina- 
tion of other bodies, till strongly heated, and then set at liberty in the form of 
fume, dissolves or corrodes all the known metallic substances, gold alone ex- 
cepted. As the platina, in these experiments, retained its original polished 
surface, without any mark of corrosion ; U was presumed, that this mineral 
likewise had resisted the marine fumes ; and that the deficiency was owing to 
some of the smaller grains having been washed off, along with the ponderous 
colcothar or metallic matter of the vitriol ; an accident not easily avoided. 

4. Platina was therefore treated with mercury-sublimate, a combination of the 
highly-concentrated marine acid with a volatile substance, which in a proper de- 
gree of heat it readily forsakes, to unite with other metallic bodies. An oz. of 
platina was spread on 3 oz. of powdered sublimate ; the glass covered, and set in 
sand : after a moderate fire for some hours, the sublimate was found to have 
entirely arisen, leaving the platina of its original weight, as well as appearance. 
5. Fifty grains of a mixture of one part of platina and 2 of gold, weU sealed, 
and cautiously hammered into a thin plate, were surrounded with regal cement, 
the vessel covered, closely luted, and kept for a considerable time in a red heat. 
On examining the metal, it was found to retain the whiteness and brittleness, 
which gold constantly receives from so large a proportion of platina ; and to have 
lost in weight about 4- gr. or rrfo pwt. 

Remark . — The loss here appears to have proceeded, not from the plating but 
from alloy in the gold employed, which was above standard, but not perfectly 
fine : for the metal cemented a second time, with fresh mixture, suffered no. 
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farther diminution. If the marine acid were capable of dissolving 1 plating, in- 
stead of nearly -J- would have been exeded. This experiment therefore 
determines, with certainty, the resistance of platina to the marine fumes ; and 
that the regal cement, so called from its being supposed to purify gold from all 
• heterogeneous metallic matters, is incapable of separating platina from it.* 

Exper. 3. — Platina with the Nitrous Acid. 1. Spirit of nitre diluted with 
water, proof aqua fortis, and the strong nitrous spirit, were digested separately, 
with their weight of platina, in a gentle heat, for several hours. During the 
digestion, some bubbles were observed, as if a solution was beginning ; but the 
liquors acquired no colour ; and the platina, washed and dried, was found to 
have neither altered its appearance, nor lost of its weight. • The fire being after- 
wards increased, and the acid spirits kept strongly boiling till they had entirely 
evaporated, no change could be observed in the platina. 2 . Platiiia was like- 
Dvise treated with nitrous mixtures, by processes similar to those hi which it had 
been exposed to the marine fumes. After cementation for many hours, in a red 
heat, with a mixture of 3 parts calcined vitriol, and 2 of melted nitre, the grains 
were recovered not only unaltered, but without any deficiency in weight. 

Remark. — From these experiments it is plain, that platina, equally with gold, re- 
sists the force of the vitriolic, marine, and nitrous acids, though applied in such a 
manner, as to be capable of perfectly dissolving all other known metallic bodies. 

Exper. A. — Platina with Aqua Regia. Aqua regia, -f" which perfectly dis- 

solved gold, poured on platina, began to act on it in the cold, and, by the as- 
sistance of a moderate heat, slowly dissolved it ; acquiring at first a yellow 
colour, which deepened by degrees, as the menstruum became more, saturated, 
into a dark brownish red. A few drops of the saturated solution tinged a large 
quantity of water of a fine golden colour. 2. The experiment was several times 
repeated with different aquae regise, made by dissolving sea-salt and sal ammoniac, 
separately, in A times their weight of aqua fortis ; and by abstracting the nitrous 
spirit from the same proportion of each of the salts. With all these menstrua 
the solution seemed to succeed equally. 

3. In order to determine the quantity of menstruum necessary for the solu- 
tion ; 3 oz. of an extremely strong aqua regia, diluted with water, were poured 
on one oz. of platina,. in a retort, to which was adapted a recipient. A gentle 
, heat being applied, the menstruum acted violently, and red fumes arose in abun- 
dance. When about -f of the liquor had come over, the action was scarcely, if 
at all, sensible, though the' fire was considerably raised. The distilled liquor, 
winch appeared of a light redish colour, being poured back again into the retort, 

• When these experiments were made, the marine add in its oxygenized state (oxymuriatic arid} 
was unknown. The metal of platina, called platinum, is soluble in that preparation of the marina 
, acid. J Termed in the New Chemical Nomenclature, nitromuriatk add, 
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the solution began afresh ; the vapour, which now came over, appeared pale, 
compared with the first. The cohobation was repeated 4 times, the distilled 
liquor proving paler and paler every time. At length, both the fumes and action 
ceased, though the fire was raised, and a considerable part of the platina remained 
undissolved. The solution was therefore poured off, some more of the men- 
struum adde l, the distillation and cohobation renewed, and this occasionally 
repeated, till the whole was taken up, excepting a little blackish matter, of which 
hereafter. The quantity of strong aqua regia, employed for dissolving the oz. of 
platina, was 5 oz. ; but the last parcels appeared from their yellow colour not to 
be fully saturated, and on trial were found to take up near 50 grs. of fresh platina. 

Remark. It appeared, that by this method of managing the process, 1 part 
of platina was soluble in about of aqua regia : but that when the digestion 
was performed in open vessels in the common manner, and the fomes, which 
arise copiously during all metallic solutions, suffered to exhale, more than half 
as much again of the menstruum was requisite. This process might therefore 
possibly be applicable to advantage, in making solutions of metals in the way of 
business. 

Examination of Solution of Platina. 

Exper. 1 .—As the vitriolic acid carries down metallic bodies, gold not ex- 
cepted, from their solutions in other menstrua ; this acid was mixed with solu- 
tions of platina. 

1 . When the solution of platina was previously diluted with water; the addition 
of dephlegmated spirit of vitriol occasioned no precipitation, or change of odour* 
though a large quantity of the acid was, at different times, dropped in, and the 
mixture suffered to stand for several days. 

*. Dephlegmated spirit of vitriol, added to an undiluted eolation of platina, 
immediately rendered it turbid, and threw down a dusky-coloured precipitate. 
The precipitate was not re-dissolved on the affusion of water ; nor was the pre- 
cipitation prevented by adding water immediately after the acid had been 
dropped in. 

Exper. 3.—' Sohstions of platina, evaporated by a gentle warmth, In a proper 
pitch, and then set to shoot, yielded crystals, of a dark, almost opaque^ red 
colour, in form of leaves, like flowers of benzoin, but thicker. The crystals, 
washed with proof spirit, became somewhat paler, but still remained of a high 
Colour, res emb ling the d ee per chives of saffron. Exposed to the fine, they seemed 
to Melt, knitted white fumes, and at length fell into a dusky wdh-eokwnd calx. 

Expert. 3.— Solutions of platina, dropped on hot rumble, immediately cor- 
roded it ; but did not, like solutions of gold and some other metals, communi- 
cate any colour. Nor did they give any stain to the skin, to feathers, ivory, or 
other like animal substances, which liquors containing gold tinge purple. 


Digitized by 


Google 



Vbl.. XLVIII.] VHILOSOPHICAL TRANSACTIONS. 503 

Exper. A. — As a minute proportion of gold contained in liquors is discoverable 
by their striking a purple colour with tin, 

1. Some bright plates of pure tin were put into” a solution of platina diluted 
with water. The plates, in a little time, looked of a dark olive colour, and 
soon after were covered with a reddish brown matter : the liquor became at first 
darker' coloured, and afterwards by degrees, as the precipitate fell, nearly colour- 
less ; without exhibiting the least appearance of a purplish hue. 

2. Platina was digested in a quantity of aqua regia insufficient to dissolve the 
whole ; and the residuum dissolved in a fresh parcel of the menstruum. The 
two solutions, treated as above, yielded somewhat different phenomena, but no 
tendency to a purplish cast could be perceived in either. The latter, which 
looked yellow from not being fully saturated, was, when diluted with water, 
almost colourless. Yet, on the addition of the tin, it became yellow again, 
then red, and at length of a dark brownish red considerably deeper than the 
other more saturated solution. On standing for some time, it grew perfectly 
clear, depositing a paler, yellowish precipitate. 

3. To determine whether platina was capable of preventing a small proportion 
of gold from discovering itself on this trial, one drop of a solution of ’ gold was 
let fell into several ounces of a solution of platina diluted with water. On add- 
ing some plates of tin, the whole became immediately of a fine purple. 

Remark. It may be proper to observe, that in these kinds of experiments, 
plates of tin are far more eligible than the solutions of tin usually employed : 
for the solutions fell of striking a purple colour with solution of pure gold, 
unless certain circumstances are observed, which are not easily hit upon ; but 
tin in substance constantly succeeds, and requires no particular precaution. 

Exper. 5. As gold is revived from its solutions by inflammable spirits, the 
inetal gradually arising to the surface, in form of a bright yellow cuticle ; 

1 . A solution of platina was mixed with a large proportion of highly-rectified 
spirit of wine, and exposed for many days to the sun, in a wide-mouthed glass, 
slightly covered with paper, so as to keep out dust. There was no appearance 
of any yellow skin ; nor any other altemtipn, than that the platina had begun 
to crystallize from the evaporation of the fluid. 

2. A drop or two of a solution of gold being added to a large quantity of a 
-mixture of solution of platina and spirit of wine, and the whole exposed as 

above to the sun ; a golden film was in a few days observed on the surface. 

Remark . It follows from this experiment* and the foregoing one with tin, 
that platina contains no gold ; and that it cannot, any more than the common 
metallic or other soluble substances, prevent a small proportion of gold mixed 
with it from being discoverable. 
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Exper. 6. — 1 . The spirits of sal ammoniac, prepared both by quicklime and by 
fixed alkaline salts, added to solutions of platina diluted with distilled water, 
precipitated a fine red sparkling powder ; which, exsiocated, and exposed to the 
fire in an iron ladle, became blackish ; without at all fulminating, which calces 
of gold, prepared in the same manner, do violently. On washing some of this 
precipitate on a filter, by repeated affusions of water, the greatest part of it dis- 
solved ; only a small quantity of a blackish matter remaining, and the liquor 
passing through of a deep, bright, golden colour. A very large quantity of the 
fluid was tinged of this colour by a small one of the powder. 

2. Salt of wormwood, fixed nitre, the lixivium saponarium of the Lond. 
Pharmacopoeia, precipitated a powder similar to tire foregoing, except that its 
colour was less brilliant. 

3. Sal ammoniac likewise, one of the ingredients, to which the menstruum 
owed its power of dissolving the platina at first, precipitated great part of it in 
form of a similar powder. 

4. The liquors remaining after all these precipitations with saline substances, 
appeared of a yellow colour, almost as deep as before the precipitation. Fixed 
and volatile alkalies being added alternately, the liquor still continued yellow : 
but either of them, added after sal ammoniac had performed its office, threw 
down a fresh precipitate, which left the liquor colourless. 

5. The addition of tin likewise, after either of the salts separately had thrown 
down all they were capable of doing, occasioned a fresh and complete precipita- 
tion ; provided a little more of the menstruum was dropt in, to enable the liquor 
to act on the metal. 

Exper. 7. As gold is totally precipitated by alkaline salts, but platina only in 
part ; and as a minute portion of platina, remaining dissolved, tinges a surpri- 
singly large quantity of the fluid of a yellow colour ; it was presumed, that a 
small admixture of platina with gold might by this means be readily discoverable. 
A few drops of a solution of platina were therefore mixed with above 100 times 
the quantity of a solution of gold ; the whole diluted with water/, and a pure 
alkaline salt gradually added, as long as it occasioned any effervescence or preci- 
pitation. The remaining liquor was of so deep a yellow colour, that it was 
judged the platina would have discovered itself, though its proportion had been 
less than 1000th part of that of the gold. 

Exper. 8. — 1 . Zinc, which totally precipitates all the other known metallic bodies, 
put into a diluted solution of platina, was very quickly acted on, and threw 
down a blackish calx. The liquor in good measure preserved its yellow colour; 
a mark that part of the platina remained suspended. 

2. Iron, which precipitates all the metals from their solutions, except zinc, 
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threw down a similar calx. It could not be judged by the eye, whether the pre- 
cipitation was complete, the solutions of iron and platina nearly agreeing with 
each other in colour. 

3. Copper, the precipitant of mercury and gold, readily threw down platina 
from its solution, in form of a greyish calx, which was found on trial to retain 
a notable quantity of the copper. The liquor remaining after the platina had 
fallen, was of a more dusky green than solutions of pure copper, probably from 
its retaining some of the platina. ^ 

. 4. Mercury, which precipitates gold alone from aqua regia, put into a diluted" 
solution of platina, seemed in a little time to be divided, and did not run freelyi 
Soon after, it appeared covered with a greyish matter, which at first was appre- 
hended to be a precipitate, but was found afterwards to be a part of the mer- 
cury corroded. On applying.a moderate heat, the whole of the quicksilver, the 
quantity of which was very considerable, was dissolved, without any precipitation. 

The experiment was repeated with a larger quantity of mercury than the solu- 
tion was capable of taking up. The platina now gradually fell down among the' 
undissolved quicksilver, in form of a dark brownish powder ; leaving the liquor 
nearly colourless. 

5. A solution of gold mingled uniformly with a solution of platina, without 
occasioning any turbidness or precipitation. The 'mixture, diluted with water, 
and suffered to stand for some time, threw up a bright golden pellicle to the 
surface. 

. Exper. 9.— 1 . A solution of platina, super-impregnated with as much mer- 
cury as it was capable of taking up, on being evaporated a little, so as to dis- 
pose it to. shoot, yielded crystals not at all like those of platina, but in form of 
spicula, externally of a yellowish hue. These, slightly washed with proof spirit, 
became colourless. . Exposed to the fire, they emitted copious white fumes, with 
a hissing or crackling noise ; and left a very small quantity of a reddish powder. 

2. A mixture of solutions of gold and platina, being treated in the same 
manner, ruby-coloured crystals were obtained, which appeared to be chiefly gold, 
with very little of the platina. 

Remark. It seems therefore, that mercury and gold crystallize from their 
solutions before platina, leaving the greatest part of that mineral dissolved. This 
affair, particularly with regard to gold, deserves further inquiry. 

Exper. 10. — As the calces of metals, obtained by precipitation from acids, or 
by other means, vitrify along with frit or glass, and tinge them of various 
colours ; and as this process is recommended by some for investigating the nature 
of unknown metallic bodies ; the following trials were made with precipitates of 
platina. 

1 . Half an ounce of a precipitate thrown down from solution of platina hy. 
vol. x. 3 T 
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pbtes of pure tin, was triturated in an iron mortar with 8 times its quantity of 
common white glass, the mixture put into a crucible, which was closely luted, 
and placed in a wind furnace. The fire was gradually raised, and kept up ex- 
tremely strong *for about 10 hours; when, the crucible being taken out and 
broken, the matter appeared of a dark blackish colour, untransparent, easily 
friable; interspersed with a bright whitish matter, apparently metallic. 

Remark. It is probable, that this metallic matter was the platina; and that 
the glass owed its opacity and dark colour, not to this mineral, but to the tin 
in the precipitate, some particles of non abraded from the mortar, or other ac- 
cidental causes. 

2. A quarter erf an ounce of a precipitate of platina, made by alkaline salt, 
was ground in a glass mortar with 12 times its weight of white glass; and com- 
mitted to the same fire as the foregoing. The result was a compact, cloudy 
glass, pretty transparent in thin pieces, covered in part with a thin whitish coat. 
Towards the upper part, and all round the sides, were observed several particles 
of metal; which appeared to the eye like bright platina, and proved hard to the 
point of a knife. 

Remark. Nor does the glass here seem to have received any thing from the 
platina; the change being no other than what white glass is found to undergo 
from a slight impregnation with inflammable matter. 

General Remarks. It appears from the experiments related in this paper, that 
platina, like gold, is not acted on by the simple acids,* which dissolve every 
known metallic body besides; that aquae regies, the solvents of gold, prove like- 
wise menstrua for platina; and that consequently the common methods of assay- 
ing or purifying gold by aquafortis, aqua regis, or the regal cement, can no 
longer be depended on; that it differs from gold, in giving no stain to the solid 
parts of animals, not striking a purple colour with tin, not being revived from 
its solutions by inflammable spirits, not being totally precipitable by alkaline salts* 
that in certain circumstances it throws out gold from its solutions; that these 
properties afford means of distinguishing a small proportion of gold mixed with 
a large one of platina, or a small proportion of platina with a large one of gold; 
and that platina contains no gold, excepting the few particles distinguished by 
the eye; that platina is precipitated from its solutions by the vitriolic add, and 
By the metallic substances, which precipitated gold, though scarcely totally by 
any ; and that its precipitates resist vitrification, and this perhaps in a more per- 
fect manner than precipitates of gold itself. 

PAPER III. 

The two former papers have given an account of the habitus or relation 
■ • A * mentioned in a Sinner uo te, k, is eatable in the oxymmiaoc acid. 
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«f platina to the principal substances which act on metallic bodies; and 
shown that it is a simple metal, of a particular kind, essentially distinct from all 
those hitherto known, though possessed of some properties generally supposed 
peculiar to gold. Many of its distinguishing characters have been already pointed 
out; others will result from combining it with the several metals; with each of 
which, notwithstanding its resistance to the most intense fires by itself, or with 
unmetaHic additions, it melts perfectly; occasioning remarkable alterations iii 
their colour, texture, and hardness. 

. jArt. 1 . — Platina with Tin. 1 . Equal parts of platina and pure tin were injected 
into a mixture of black flux and common salt in strong fusion ; and urged with 
a quick Are, in a good blast furnace. After a few minutes the whole appeared 
perfectly melted; and on being instantly poured out, ran freely along a narrow 
mould, forming a smooth ingot, nearly of the Same weight with the platina and 
tin employed. The compound proved extremely brittle, breaking easily from a 
fall; internally it appeared of a close and smooth, though uneven surface; and 
of a dark grey colour. By the file, or a knife, it was readily scraped into a 
blackish dust. 

2 . One part of platina and two of tin, covered with a black flux, borax, and 
common salt, were melted in a wind furnace*, the platina appeared perfectly 
taken up by the tin, soon after the fire had been raised to a light white heat. 
The ingot was found deficient in weight about -Py. It greatly resembled the 
foregoing, being only a little less brittle, and of a somewhat lighter colour. 

3 . One ounce of platina and 4 of tin, covered with black flux and common 
salt, and urged with a quick fire, melted together without loss. This compound 
yielded a little to gentle strokes of a flat hammer, but was by no means tough. 
It broke in pieces from a rude blow*, and was still readily scraped into dust by a 
knife. The surface of the fracture was rough and granulated. 

4. One part of platina and 8 of tin, injected into a fluid mixture of black flux 
and common salt, united, without loss, into a pretty tough compound; which 
bore to be considerably flattened under the hammer without breaking, cut 
smooth with a thin chissel, and shaved with a knife. Broken, it appeared of a 
sparkling, dark coloured, coarse grained texture. 

5. One part of platina and 12 of tin, treated in the same manner, formed a 
mixture tolerably ductile; but still of a dull, dark hue, and a rough coarse grain,, 
though somewhat less so than the preceding. 

6. A mixture of 1 part of platina and 24 of tin, proved not much stifler 
than tin. The colour was whiter, and the grain finer and evener than those of 
the preceding compositions ; though in both respects it fell considerably short of 
pure tin. 

■ 7 . Several of these compositions, covered with black flux, which had been 
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previously melted, were exposed in crucibles closely luted, to a strong fire in a 
wind furnace, which was steadily kept up for 8 hours. When taken out, they 
were all found to have suffered some diminution, amounting to about of the 
tin. In appearance and quality, there was no sensible alteration, except that the 
mixture seemed more uniform, and the grain a little finer. 

8. The remarkable gravity of platina induced us to examine the several mix- 
tures hydrostatically. Here it was found, that the specific weight of the com- 
pound constantly turned out less than the medium of the gravities of the two 
ingredients; and generally the more so, as the proportion of the platina was the 
greater. 

Specific gravity. 



By experiment. 

By calculation. 

Diffimoce., 

Platina. 




Platina 1, tin 

1 . .. . 10.827. •• • 

. . 12.090. 

.1.263 

Platina 1, tin 

2. . . . 8-972. . . . 

• • 1 0.354. . • • 

., 1.481 

Platina 1, tin 

4. ... .7*7 9 4 - • * * 

• . Q* 1 44. . f 9 ■ 

1.350 

Platina 1, tin 

8 , . . . 7-705* . . . 

• . 8.27 1 . • * • 

. . 0.566 , 

Platina 1, tin 12. . . . 7-613. . . . 

• . 7 . 935 . • * • 

. . 0.322 

P1<itin& 1 j tin 24i • • • 7 *47 1* • • • 

• • 7*373« . . . 

. o/ips?, 

Tin .. 





Remarks. It appears from the foregoing experiments, that platina melts with 
at least equal its weight of tin ; that it destroys the malleability of near 4 times 
its weight: that with larger proportions it forms compounds tolerably ductile, but 
renders the texture of the tin coarser, and debases its colour. The difference in 
colour of these compositions was much less conspicuous on the touchstone, than 
when the fractures of the ingots were examined; though, on close inspection, 
they appeared all sensibly duller and darker than pure tin, and the more so, in 
proportion as the platina prevailed. They all tarnished in the air; those least, 
which had a very small or a very large proportion of platina. 

It is remarkable, that though tin is a metal very readily destructible by fire, 
yet in most of the preceding fusions, there was scarcely any sensible loss of 
weight. This is to be attributed not solely to the admixture of the platina, but 
also to the flux made use of, and more particularly to the celerity and short con- 
tinuance of the heat. In N° 2 and 7, the only ones in which the loss was at all 
considerable, the fire was slowly raised, and long continued. 

Art. 2 . — Patina with Lead. 1 . Equal parts of platina and lead were injected 
into a mixture of black flux and common salt, previously melted together; and 
the fire hastily raised by bellows. A much stronger heat was requisite than for 
the fusion- of platina with an equal quantity of tin ; and the loss was considerably 
greater, amounting to about -jV. The metal yielded difficultly to the file; broke. 
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by a moderate blow, of a close texture, uneven surface, and rough jagged edges; 
the colour was very dark, with a faint purplish cast. 

2 . One part of platina and 2 of lead, covered with borax and black flux, and 
exposed to a gradual fire, in a wind furnace, did not come into fusion till the fire 
had been raised to a strong white. heat: from the continuance of heat in this ex- 
periment the loss was great, being nearly ^ of the mixture. The ingot proved” 
hard and brittle, like the preceding, but broke with a striated surface. 

3. One ounce of platina and 3 of lead, treated in the same manner, required 
still a very strongs fire for their perfect fusion : and lost about The metal 
broke less easily than either of the preceding, and in some measure yielded to the 
hammer: the colour was somewhat darker, and inclined more to purplish. 

4 . One part of platina and 4 of lead, being covered with black flux and com- 
mon salt, and committed to a wind furnace, the platina was not perfectly taken 
up, till the fire had been raised to a considerably strong white heat; the loss was 

The same proportions of the metals, injected into a fluid mixture of the 
flux and salt, previously brought ■ to the above degree of heat, almost instantly 
melted, and lost only The ingot was much tougher than the foregoing, 

filed well, and cut tolerably smooth with a knife. On breaking, the upper part 
appeared composed of bright plates, - the lower of dark purplish grains. 

5 . One part of platina and 8 of lead united easily in a quick fire, and lost little 
or nothing. The -metal worked and looked Hke very bad lead; on breaking, 
the texture appeared partly composed of transverse fibres, and partly of grains;, 
the colour dull and purplish. 

6. One part of platina aud 12 of lead united, without loss, into a compound 
very little different from the foregoing. On breaking, its texture was somewhat 
finer, and composed chiefly of fibres, with very few grains. 

7 . A mixture of 1 part of platina and 24 of lead proved not very much harder 
than lead of a middling quality. The colour was stilt somewhat purplish, and 
the texture fibrous; but the fibres were remarkably finer than where the platina 
was in larger proportion. 

8 . The foregoing compositions, when newly polished, appeared in general of 
a dark iron colour; which, on exposure to the air, quickly tarnished to a brownish 
yellow, a deep purplish, and at length a blackish. They all filed freely, without 
sticking in the teeth of the file, as lead does by itself. 

9 . On returning these compounds to the fire a second time, it was constantly 
observed, that after they had come into perfect fusion, if the heat was slackened 
a little, great part of the platina subsided; that nevertheless, the lead decanted 
off, even in a heat below ignition, retained so much of the platina, as rendered 
it of a fine fibrous texture, and purplish colour. 

The several mixtures, covered with black flux, and kept in strong fusion, in. 
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crucibles closely luted, for 8 hours, suffered a diminution in weight, amounting 
to about -jV of the lead. On breaking, those with a large proportion of platina 
appeared of a leafy, and those with a smaller, of a fine fibrous texture, which 
seemed in general to be characteristics of the perfect union of the platina and 
lead. They all looked whiter and brighter than at first, but tarnished sooner in 
the air. One mixture in particular, of 4 oz. of -platina and 12 of lead, broke 
into large, white, bright, shining, talc-like flakes; which, on exposure to the 
air, changed in a little time to a reddish, a purple, and a deep blue; and at 
length turned slowly to a dark blackish colour. 

10 . On examining these compounds hydrostatically, their gravities turned out 
less than they ought to have been according to their calculation, but not so much 
Jess as those of the compositions of platina and tin. 

' Speciic gravity. 

By experiment By calculation. Difference. 

Platina 17. 000 

Platina 1, lead 1 14.029 14.1Q3 0.1 64 

Platina 1, lead 2 12.925 13.257. ..... 0.332 

Platina 1, lead 4. .... . 12.404. ..... 12.509* • • • • • 0.105 

Platina 1, lead 8 1 1.947 12.009 0.062 

Platina 1, lead 12. 11.774 11.818 ..0.044 

Platina 1, lead 24 11.575 11 . 610 . 0.035 

Lead 11.386. 

Remark. It appears, that a small proportion of platina is taken up and kept 
suspended by lead, in a very gentle heat; but that a large proportion is not taken 
up near so easily as by tin ; and if united by a strong fire, subsides in part on its 
abatement. A little quantity stiffens and hardens lead more than it does tin; but 
a large one does not near so much diminish its malleability. A leafy or fibrous 
texture, a purplish colour, or disposition to acquire this colour in the air, are 
peculiar to the mixtures with lead. 

Art. 3. — Platina with Silver. 1. Equal parts of platina and of pure silver 
revived from luna cornea, covered with a borax, and urged with a strong fire in 
a blast furnace, melted perfectly together, and without loss, but did not run 
freely along the mould. The ingot was hard to the file, and broke by a rude 
blow; though by gentle strokes it bore to be considerably flattened. Internally 
it appeared of a much duller and darker colour than silver, and of a coarser 
texture. 

2. One part of platina and 2 of silver, covered with nitre and common salt, 
did not flow thin till the fire was raised to a very strong white heat. The com- 
pound proved less brittle than the foregoing, and not so hard to the file: the 
texture was composed of smaller grains, arid the colour whiter. 
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3. One pert of platina and 3 of silver still required a very strong fire for their 
perfect fusion; the metal was hard and brittle, though less so than the preceding: 
when well and repeatedly nealed, it bore to be hammered, or flattened between 
steel rollers, into thin plates. 

4 . One part of platina and 7 of silver melted together with ease. This com- 
pound hammered tolerably well, proved much harder than silver, and not so 
white, or of so fine a grain. 

5. These compositions, weighed hydrostatically, turned out like the others, a 
little lighter than by calculation; but the difference, which before seemed to in- 
crease with the platina, was here greatest when the platina was' in least pro- 
portion. 



Specific gravity. 

Difference. 

Platina 

By experiment. 

.. 17.000 

By calculation. 

Platina 1 , silver 1 . . . . 

. . 13 , 535 . .. . 

.. 13.990. .. 

* . ♦ 0.455 

Platina 1, silver 2. . . . 

. . 12 . 452 . .. . 

. . 12.987. .. 

. . . 0.535 

Platina 1, silver 3 . . . . 

. . n.790. .. . 

. . 12.485 . . 

. . . 0J695 

Platina 1 , silver 7 ... . 
Silver 

. . 10.867 

. . 10.980. 

. . 11 . 732 ... 

. ..0.865 


Remark. Platina appears to unite more difficultly with silver than with either 
,of the foregoing metals. Even when the proportion of the platina is small, the 
greatest part of it subsides on an abatement of the heat, by which the union had 
been effected. This was prevented by pouring out the metal, when perfectly 
fluid, at one jet, into a broad mould: in which the compound began to congeal 
before the platina could separate. 

Platina diminishes the malleability of silver far less than that of tin or lead j 
and does not, in whatever proportion employed, so much debase, its colour, or 
dispose it to tarnish in the air. 

Art. 4. — Platina, with. Gold. J . Equal parts of platina and gold, exposed' to> 
an intense fire, melted perfectly together, and ran thin into a long mould, with- 
out loss. The metal was of a white colour, hard to the file, broke by a rude 
blow, but when well nealed, yielded considerably to the hammer. 

2. One part of platina and 4 of gold came into fusion in a moderate fire, but 
still required a very strong one for their perfect union. This compound appeared! 
but a little paler than standard gold with silver alloy ; and proved so tough, as 
to be beaten, with proper care, into thin plates, without breaking or cracking 
about the edges. On melting it a second time with nitre and borax, it became 
very pale, and was not without great difficulty made to recover its colour. 

Art. 5. — Platina uith Copper. 1. Equal! parts of platina and copper* exposed,, 
without addition, to a strong fire hastily excited by bellows, soon became fluid,. 
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but not thin; and lost about The metal proved extremely hard to the file; 
broke difficultly on the anvil ; flew asunder on endeavouring to cut it with a 
chissel; and appeared internally of a coarse grained texture and white colour. 

2. One ounce of platina and 2 of copper, urged with a quick fire in a blast 
furnace, without addition, flowed sufficiently thin, and scarcely suffered any 
sensible loss. The metal was still very hard, and yielded but little to the hammer. 
It looked darker coloured than the foregoing, with a. slight redifish cast. 

3. One ounce of platina and 4 of copper, treated in the same manner, united, 
without loss, into a pretty tough compound ; which bore to be considerably flat- 
tened, cut with a chissel, and bent almost double before it cracked. Internally, 
It looked of a fine texture, and a very pale copper colour. 

4. A mixture of 1 oz. of platina and 5 of copper, stretched somewhat more 
easily under the hammer than the preceding; and appeared of a redder colour. 

5. On increasing the copper to 8 times the quantity of the platina, the com- 
pound proved sufficiently tough, broke difficultly, and hammered well. It was 
much harder than copper, and of a paler colour. 

6. A mixture of 1 part of platina and 1 2 of copper was somewhat more easily 
extended under the hammer than the foregoing, and proved softer to the file. 
It stuck a little in the teeth of the file, which the compositions with a larger 
proportion of platina did not. 

7 . A mixture of 1 part of platina and 25 of copper was still a little paler co- 
loured than pure copper, and considerably harder and stiffer, though veiy malle- 
able. On increasing the copper a little further, the mixture retained a degree of 
hardness, and appeared of a fine rose colour. 

8. On weighing the foregoing compositions hydrostatically, the diminution of 
gravity was found more regular than in the mixtures with other metals, being 
constantly greater in proportion as the quantity of platina was larger. 

Specific gravity. 



By experiment. 

By calculation. 

Difference. 

Platina .... 




Platina 1, copper 

1. . . . 11.400. . . . 

. . 12.915 .. 

. . . 1.515 

Platina 1, copper 

2. . . . 10.410. . . . 

. . 11.553.. . 

.. . 1.143 

Platina 1, copper 

4* • • • 9.9O8. • • • 

• • 10.464. • • 

. . . 0.556 

Platina 1, copper 

5. • . . 3. . . . 

. . 10.191. . . 

. . . O.498 

Platina 1, copper 

8. . . . 9.300. . . . 

. . 9.738. . . 

. . . 0.438 

Platina 1, copper 

12 9.251.... 

.. 9.458... 

. . . 0.207 

Platina 1 , copper 25. . . . 8.970. . . . 

. . 9.144. . . 

...0.174 

Copper . . 





Remark. In the foregoing fusions, though in general no flux was made use 
of, there was scarcely any sensible loss of weight, unless in N° 1, where the 
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large proportion of platina required the fire to be raised to a violent degree. This 
seems owing, in good measure, to the platina preventing the scorification of the 
copper; for on melting pure copper a great number of times, both with and 
without fluxes, there was constantly a little loss. A small proportion of platina 
appears to improve the hardness of Copper, without injuring its colour, or, so 
far as could be judged, its malleability. The mixtures with a large proportion 
of platina are difficultly extended under the hammer when cold; and while red- 
hot, fly in pieces. They all bear a good polish, and do not tarnish in the air so 
much, or so soon, as pure copper. 

Art. 6. — Platina with Iron. Iron, the last of the metals in point of fusibility, 
was several times attempted to be united with platina, in its perfect malleable 
state. But as the fluxes necessary for rendering forged iron fusible corroded the 
crucibles, before the metal flowed thin enough to dissolve the platina, pure cast 
iron was substituted. 

1. Cast iron and platina, of each 3 oz. exposed without addition to a strong 
fire, united into a thick fluid; which, on adding an ounce more of iron, flowed 
thin, the compound suffered to cool in the crucible (which had become too soft 
from the heat to admit of its being poured out) was found, on breaking the 
vessel, in one lump, not convex, the form, which the iron usually assumes; but 
of a very concave surface; the weight about -fc less than that of the metals em- 
ployed. It proved excessively hard, so as not to be touched by the file; and so 
tough, as not to be broken by repeated blows of a sledge hammer, from which it 
received some impression. Heated red, it broke easily, and looked internally of 
a uniform texture, composed not of bright plates like the iron at. first, but of 
very dark-coloured grains. 

2. One ounce of platina being injected on 4 of cast iron beginning to melt, 
and the fire kept up strong, the whole came quickly into fusion, and on cooling, 
formed an equable compound, which like the former proved extremely hard, and 
seemed to stretch a little under the great hammer without breaking. The colour 
was still very dark, though less so than when the platina was in larger proportion. 

3. One part of platina and 12 of iron melted without difficulty, and with little 
or no loss. This compound was still much harder than the iron at first, and 
had a very considerable degree of toughness. Like the others, it could not be 
broken while cold, without extreme violence; but proved very brittle when 
heated red. 

4. The foregoing compositions, especially those in which the proportion of 
platina was large, received a fine polish ; and Ad not rust or tarnish on being 
exposed to the air in a dry room for several months. 

5. A composition of 1 part of platina and 4 of iron was treated with sub- 
stances, which produce notable alterations in pure iron. Surrounded with 

vol. x. 3 U 


Digitized by ^mOoq Le 



PHILOSOPHIC TJUW8 ACTIO *0. 


su 


[awto 1754. 


Reaumur's steel making mixture (composed of charcoal powder, toot, wood- 
ashes, and common salt) and cemented in a close luted crucible for 12 hours, it 
gained an increase of ?V its weight, yielded to the file more easily than at first, 
seemed to receive no additional hardness on being ignited and quenched in water, 
and discovered none of the qualities of steel. A piece broken off from the same 
ingot, treated in the same manner, with the powder for softening cast iron (via. 
bone-ash, with a small proportion of charcoal) was found increased in weight 
about -^r, proved less hard to the file than at first, but manifestly harder than 
the part cemented with the steel-making mixture. 

Specific gravity. 

By experiment. By calculation, Difference. 

Platina 17-000 

Platina 3, iron 4 9*917 11.343 1,426 

Platina 3, iron 12 8.700 Q.080 0.380 

Platina 3, iron 16 8.202 8.663 0A6l 

Platina 3, iron 36. .... . 7-800 7*862 QXfil 

Iron 7*100. 

General Platina melts with equal its weight of each of the metals; 

with one more readily than with another. With some it becomes fluid, if the 
proportion of, the platina is not large, in a moderate fire; but a strong one » 
constantly requisite for its perfect solution. Compositions of silver, copper, lead, 
with about + their weight of platina which had Rowed thin enough to run freely 
into the mould, and appeared to the eye perfectly mixed, chi hong digested hi 
aquafortis till the menstruum ceased to act, left several grains of platina in their 
original form. On viewing these with a microscope, some appeared to have suf- 
fered no alteration . others exhibited an infinite number of minute bright globular 
protuberances, as if they had just begun to melt. 

Platina hardens and stiffens all the metals; one more than another, lead the 
most. In a moderate quantity it diminishes, and in a large one destroys, the 
toughness of all the malleable metals; but communicates some degree of this 
quality to cast icon. Tin bears much the least, and gold and silver the greatest 
quantity, without the loss of their malleability. 

A very small proportion of platina scarcely injures the colour of copper and 
gold: a larger renders both pale; a for less quantity has this effect on copper 
than on gold. It debases and darkens, in proportion to its quantity, the cefatttr 
of the white metals; that of silver much the least, and of lead the most. Ik 
in good measure preserves iron and copper from tarnishing in the air; scarcely 
alters gold or silver in this respect; makes tin. tarnish soon, and lead exceeding 
quickly. 

PAPER I V.—Platim mixed vitk Semmetals, l. With mercury* 1. An 


Digitized by t^ooQle 



VOL. XL VIII.] PHILOSOPHICAL TEAKS ACTIO If 9 . £15 

ounce of platina and 6 oz. of pure quicksilver were rubbed together, with a little 
common salt and water, and a few drops of spirit of salt, in an iron mortar. 
After some hours trituration, the grains of platina became coated with the quick- 
silver, so as to cohere into an imperfect amalgam. A part of the fluid quicksilver 
poured off, and evaporated in an iron ladle, left a considerable quantity of a dark 
coloured powder, intermingled with bright shining moleculas: a part strained 
through leather, left a smaller proportion of a similar powder. The platina,' 
which had been thus attenuated by the mercury, so as to pass with it through 
the pores of leather, proved as refractory in the fire as at first. Exposed to a 
very vehement heat, by itself, with borax, with white glass, it neither melted, 
nor suffered any sensible alteration; nor did it communicate any colour to either 
of the fluxes. 

✓ 

2. One part of platina and about 4 of lead were melted perfectly together; 
and after the heat had somewhat abated, poured gently into 3 times the quantity 
of quicksilver, heated so as to fume. A blackish powder was immediately 
thrown to the surface: this appeared to be chiefly platina. On grinding them 
together, a fresh powder gradually separated; which, being occasionally washed 
off, in appearance greatly resembled the foregoing, but was found, on proper 
trials, to participate much more largely of the mercury and lead then of platina. 
The amalgam, which was of a very dull colour, on exposure to the fire swelled 
and leaped about, though the heat was scarcely sufficient to evaporate the quick- 
silver. After constant and rapid agitation with water, occasionally renewed, in 
an iron milt, for a week, it looked bright and uniform, and suffered the mercury 
to exhale freely. A dark coloured calx remained, which proved, on examination, 
to be platina, with a very little lead. 

Remark. Mercury is supposed to have a greater affinity with lead than any 
other metallic body, gold and silver excepted. In this experiment, it had a 
greater affinity with platina than with lead, since it retained most of the platina, 
after the lead, which wds in much larger proportion, had been almost entirely 
thrown out. The part of the platina, which the mercury rejected at first, and 
that which it retained to the last, did not appear dissimilar to each other, or 
different in quality from the platina employed,* 

3. A mixture erf 1 1 part of platina and 2 of gold, which proved very white and 
brittle, after being repeatedly nealed, was cautiously flattened into thin plates, 
and thrown red-hot into boiling quicksilver. On trituration and ablution with 
water, a powder separated, copiously at first, and by degrees more sparingly. 
After the process had been continued about 24 hours, there was no further sepa- 
ration, except of a very little blackish matter, into which a part of the mercury 

* Concerning the action of mercury on platina [platinum] and the compound thence formed, see 
(he interesting experiments of Mr. Chenevix in the Phil. Trans, for 1805. 
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is sprays changed in these kinds of operations. The amalgam, which looked 
very bright, left, on evaporation, a spongy mass, of a high colour, which being 
melted, and poured into an ingot, proved very soft, extremely malleable, and in 
all respects resembled the pure gold made use of, without the least appearance 
of platina. 

Remark . — It is greatly to be wished that this method of purifying gold from 
platina may prove sufficiently accurate to exactly determine the quantity of each 
in the mixture. The experiments hitherto made do not sufficiently clear up this 
point ; a great number are still necessary before it can be fully ascertained. 

2. IVtlh Bismuth . — Equal parts of platina and bismuth, injected into a mix- 
ture of black flux and common salt, previously brought into fusion, and urged 
with a quick fire, strongly excited by bellows, melted perfectly in a few minutes, 
and suffered very little loss. Without these precautions, the bismuth could 
scarcely be made to take up above -J- its weight; great part of which, on an abate- 
ment of the heat, subsided. 

Mixtures of platina with different proportions of bismuth proved all, like the 
bismuth itself, extremely brittle : one was not remarkably more so than another. 
To the file, they were scarcely harder than pure bismuth. They broke of an 
irregular surface, composed chiefly of striae, with some plates. When newly 
broken, they looked bright and sparkling ; except the compositions with a large 
proportion of platina, which were of a dull greyish colour, without any bright- 
ness. They all tarnished slowly in the air, to a dark yellowish, purplish or bluish 
colour. Several acquired in part a fine deep blue, which has suffered no change 
in above a 12-month ; some parts of the masses still remaining white as at first, 
and others inclining to purple. 

3. With Zinc ._ — On 1 oz. of platina, covered with borax, and heated in a blast 
furnace to a strong white heat, was injected an equal quantity of zinc. A violent 
deflagration arose, and the platina was almost instantly dissolved : the matter, 
immediately poured out, was found to have lost near half an ounce. 

On several times repeating this experiment with different proportions of the 2 
metals, both in a quick fire, and in 1 more gradually raised in a wind furnace, 
the zinc was constantly found a powerful menstruum for platina, but suffered 
great loss from the heat requisite for rendering the mixture sufficiently fluid. When 
so much of the zinc had been dissipated, that the remainder amounted to no 
more than -J- of the platina, the compound still continued fluid enough to run 
freely into a long mould. 

Compositions of platina and zinc differed little in appearance from zinc itself; 
except that where the quantity of platina was large, they were of a closer texture, 
and a duller hue, with rather more of a bluish cast. They did not tarnish, or 
change their colour, on being exposed for several months to the air, in a dry 


Digitized by ^mOoq Le 



PHILOSOPHICAL TBAN6ACTIONS. 


317 


VOL. XLVIII.] 

room. They were harder to the file than the zinc at firsthand fell in pieces 
under the hammer ; without at all stretching ; which pure zinc does in a consi- 
derable degree. 

4. With Regulus of Regulus of antimony, the most difficultly 

fusible of the semimetals, dissolved, in a strong fire, equal its weight of platina. 
The compound looked of a much duller colour than the regulus at first ; and 
broke of a close and uniform, though uneven, surface. It proved considerably 
harder to the file, but not remarkably more or less brittle. 

On increasing the quantity of the regulus, the compound proved brighter, and 
of a leafy texture, little different from that of the pure regulus. 

Platina mixed with Compound Metals. 

With Brass. — 1 . Equal parts of platina and brass, covered with borax, and 
urged with a quick fire in a blast furnace, melted perfectly together, and scarcely 
suffered any loss. The mixture was of a greyish white colour, filed hard like 
bell-metal, broken from a blow of the hammer, without stretching or receiving 
any impression, and flew asunder on endeavouring to cut it with a chissel. In- 
ternally, it appeared of a uniform fine grain, a close texture, and a darker colour 
than on' the outside. It bore a very fine polish, and did not tarnish on being 
exposed to the air in a dry room for many months. 

1 . One part of platina and 2 of brass, melted in a slow fire, lost about^. 
The ingot was of a duller colour than the foregoing, with a faint yellowish cast : 
it filed softer, broke less readily from the chissel, but cracked and fell in pieces 
under the hammer. 

3. One part of platina, and 4 of brass, covered as before with borax, and ex- 
posed to a quick fire, melted without loss. This compound proved yellower, 
than the preceding, filed softer, bore to be cut some depth with a chissel before 
it broke, and received some impression from the hammer, stretching a little, but 
soon cracking in various directions. 

4. On increasing the brass to 6 times the weight of the platina, the compound 
appeared yellower, though still very pale. It proved softer to the file; and re- 
ceived a greater impression from the hammer, and a deeper one from the chissel, 
before it broke. 

5. A mixture of 1 part of platina and 12 of brass was considerably paler, and 
much harder, than brass. It broke from the chissel ; and cracked, before it had 
extended much, under the hammer. It bore a good polish, and was less apt to 
tarnish than brass ; though in both respects it fell short of the compositions with 
larger proportions of platina. 

With Copper and Tin. — 1 . One hundred parts of platina, 34 of copper, and 

of tin, covered with borax, became fluid in a strong fire, and suffered no 
considerable loss. The ingot proved extremely hard, so as scarcely to be touched 

4 
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by the file ; and very brittle, breaking from a moderate blow, of a rough sur- 
face, and dull bell-metal colour. It bore a good polish, and did not tarnish in 
the air. 

1. Platina and copper, of each l oz., and 4 oz. of tin, melted perfectly to- 
gether, and without loss. This compound filed freely and easily, bore to be cut 
with a knife, but broke readily 00 the anvil, of an irregular surface, and dull 
whitish colour. Polished, it looked like polished iron. The fracture soon tar- 
nished to a yellow; the polished part grew dull, but retained its colour. 

3. A mixture of platina and copper, of each 1 part, and 8 of tin, proved 
softer than the foregoing ; and bore to be flattened a little under die hammer. 
It broke of a very irregular surface, composed of a great number of bright white 
plates. The fracture soon tarnished ; the polished part retained its colour. 

Remark, It is observable, that in the first of these experiments, platina was 
perfectly taken up by less than half its weight of a mixture of copper and tin ; 
though it could scarcely be made to melt with less than its own weight of either 
of them separately, in a fire equally, or rather more, intense. 

The specific gravity of these mixtures tamed out, on experiment, a little less 
than by calculation ; though the copper and tin, melted together without platina, 
formed a compound specifically heavier than even the copper by itself. 

Hie several mixtures with zinc, bismuth, reguhas of antimony and brass, were 
likewise weighed hydrostatically, and found all somewhat lighter than they ought 
to halve been by calculation. As few hydrostatical experiments seem to have been 
made on zinc and bismuth, it may be proper to mention, that the gravity of pure 
fine turned out 7*050, and that of bismuth 9.733. 

Hitherto we have considered the miscibility of platina with metallic bodies, 
and the alterations which different proportions of it produce in their appearance 
and qualities : employing the necessary precautions for preventing the scorifica- 
tion and dissipation, which most of the metals suffer in the fire ; and which some 
remarkably promote in those which by themselves are more difficultly, or not at 
all, destructible. We shall now examine the relation of platina, in this respect, 
to those metallic substances, which are the most destructive. 

1 . Cupellation and Scorification of Lead with Platina. 

1 . A mature of platina and lead was cupelled, under a muffle, in an assay- 
furnace. For some time the process went on well ; the lead gradually changing 
into scoriae, which were thrown off to the sides, and absorbed by the cupel, or 
dissipated in fume. In proportion as the lead worked off, the matter required a 
stronger fire to keep it fluid; and at length, collecting into a dull flat lump, 
could no longer be made to flow in the greatest degree of heat which the fur- 
nace was capable of giving. The lump broke veiy easily, appeared of a dull grey 
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colour both internally and exterpaHy, and of a porous texture. It weighed about 
4. more than the quantity of platans employed. 

0. This experiment was many times repeated and varied : the lead attempted 
to be worked off on bone-ash, pressed into the bottoms of crucibles, scorified in 
assay-crucibles, by intense fires, in a blast furnace, and blown off on tests before 
tiie nose of a bellows, with the same event ; the platina not only perfectly resist- 
ing the power of lead, which by these operations destroys every other known me-, 
tallic body, except gold and silver, but likewise retaining mid preventing the 
soorification of a part of the lead itself. 

3. In the history of the fusion of platina with lead, it has been observed, that 
this metal deposites in a gentle heat great part of the platina, which had been 
united with it by a strong one. As the part, which remained suspended, might 
be presumed to differ from that which subsided ; a quantity of lead was decanted 
off from fresh parcels of platina, and both the decanted metal and the residuum) 
submitted to the preceding operations separately. The event was still the same 
the matter becoming consistent when the lead had been worked' off to a certain 
point, and refusing further scorification. 

4. A mixture of platina and lead, which had been cupelled in an amy-fujmaoo 
as long as it could be kept fluid, was exposed in a crucible to a fire vehemently 
excited, by itself, with powdered charcoal, with black flux, borax, nitre, com- 
mon salt. The matter neither melted nor suffered any considerable alteration, 
becoming only somewhat more porous ; probably from a little of the lead having 
exsuded without the liquefaction of the mass. The immediate contact of burn- 
ing fuel, agitated by bellows, made some of these mixtures flow,, after they had: 
refused to melt in vessels acted on by intense fines-' Very little of the lead was 
dissipated by this means. 

On examining the cupelled matters hydrostatically, those which appeared most- 
spongy were found nearly as ponderous as the crude platina. Among the more 
compact, the gravity of one turned out 1Q.083 ; of another 19.136,. and of a 
third 19. ‘240. 

Remark. It appears from these experiments, that platina, like gold and silver;, 
is entirely indestructible by lead ; that probably the purer grains, or fragments, 
have some heterogeneous admixtures, which are separated in these operations ;. 
and that, perfectly pure, it is more ponderous than gold,, since, when mixed) 
with a considerable proportion of a lighter metal, it fell very little short of the- 
gravity of pure gold. There is no reason to suspect any increase of its specific 
gravity from the mixture ; since in all the compositions with platina hitherto 
examined, there was constantly a diminution of the specific gravity ; whether the 
proportion of the platina was large or small, the matter melted with a quick fire,, 
or kept in fusion for many hours.. 
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6. A mixture of 1 part of platina and 3 of gold was cupelled with lead, under 
a muffle. The matter drove well for a considerable time ; at length it collected 
into a bright hemispherical lump, which by degrees became flatter, dull, and 
rough. The button, on being weighed, was found to retain a considerable 
portion of lead. 

The experiment being repeated with a mixture of 1 part of platina and 6 of 
gold, some part of the lead was still retained. The bead proved rounder and 
brighter than the foregoing, and of a good golden colour on the outside: it 
broke easily under the hammer, and appeared internally greyish : some of the 
fragments hung together by the outer golden coat. 

7 . Mixtures of platina and silver, submitted to cupellation, retained likewise a 
considerable quantity of the lead. These, in becoming consistent, formed, not 
a hemispherical bead, but a flat mass, very rough, and brittle, and of a dull 
grey colour both internally and externally. 

Cupellation and Scorj/ication of Bismuth with Platina. 

Mixtures of platina with bismuth, a metallic substance, in some respects more 
active than lead, were cupelled under a muffle, scorified in assay-crucibles, 
tested before the nose of a bellows. In numerous repetitions of these experi- 
ments, the event was the same as when lead was made use of. The mixtures, 
which at first flowed easily, became less and less fusible, in proportion as the 
bismuth was driven off; and at length could not be kept fluid in an intense white 
heat, though they appeared, on weighing, to retain a considerable proportion of 
the bismuth. Nor could this semimetal, any more than lead, be entirely sepa- 
rated, by cupellation, from mixtures of platina with either gold or silver. 

Platina cupelled with bismuth, differed little in appearance from that which 
had been treated in the same manner with lead. The button was more spongy, 
and specifically lighter. 

3. Difflation of Regulus of Antimony with Platina. 

A mixture of platina and regulus of antimony was melted, by a strong fire, in 
a shallow wide crucible, and the nose of a bellows directed obliquely on the sur- 
face. The matter continued to flow, and fume copiously, for some hours ; at 
length it became consistent in an intense white heat, and scarcely emitted any 
more fumes, though strongly blown on. The mass, when become ccdd, broke 
easily, appeared very porous, blebby, of a dull grey colour, and weighed consi- 
derably more than the quantity of platina employed. 

Platina was likewise treated with crude antimony : and the regulus obtained 
from this mixture, difflated as the foregoing, with the same event ; the platina 
not only resisting the antimonial semimetal, but likewise defending a part of it 
from the action of the fire and air, and refusing to melt, after a certain quantity 
had been dissipated. 
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4. Deflagration of Zinc with Platina. 

A mixture of platina and zinc, exposed to a strong fire, deflagrated, and ap- 
peared in violent agitation. This continued but a little time ; the matter quickly 
became solid, and could no longer be made to flow ; or the zinc, of which a 
considerable proportion remained in it, to flame. The mass was very brittle, 
dull-coloured, spongy, and of no specific gravity. 

General Remarks. 

This extraordinary mineral, on which the most active fluxes, assisted by the 
most intense fires, have no effect, melts perfectly with all the known metallic 
bodies ; unless arsenic, a substance impatient of a degree of heat sufficient to 
render itself fluid, is an exception.* All the metals take up equal their own 
weight ; some metallic compositions more than tw’ice their weight. 

Platina appears in general to have no remarkable affinity with one metal more 
than with another. Lead and iron, which do not mingle together, and of which' 
the former will take up some bodies from the latter, and the latter some from 
the former, seem both indifferent to platina ; which, if combined with either, is 
not separated by the other. 

Yet some substances hare greater or less degrees of affinity with platina, than 
with other metallic bodies. Thus, from aqua regia, in certain circumstances, it, 
throws out gold; and is itself precipitated by the other metals, which dissolve in 
that menstruum. From quicksilver it throws out lead ; and is itself thrown out 
by gold. 

The changes which platina occasions in the perfect metals, were examined in 
a former paper : its effects on the semi-metals are less remarkable. The princi- 
pal are, that it increases the hardness of zinc, and the antimonial semimetal, 
but not of bismuth ; and disposes this last to change its colour in the air, but not 
the others. 

Its effects on the compound metals, are similar to those which it produces on 
the simple ones. Brass it renders white, hard, brittle, susceptible of a fine 
polish, and not liable to tarnish in the air, as it does the copper, and in some 
degree the zinc, of which this metal is composed. Mixtures of it with copper 
and tin are more apt to tarnish than with copper only, and less than with tin only. 

All metallic substances, except gold, are exeded from platina by the simple 
acids ; mercury is the only one separable by fire. The platina remaining after 
flee separation of the metah, proves unfusible as at first. 

Platina perfectly resists the destructive power of lead and bismuth, and the 

*k 

* As mentioned in a former note, it may be brought into fusion when subjected to a sufficient 
degree of heat, with white arsenic. 
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rapacious antimonial semi metal; which last has been hitherto esteemed' the- 
severest test of gold, so as to have received: the appellation of balneum 6olkis- 

solis, the bath which gold alone can sustain, and in which it. is washed from all 
hinds of impurities. 

Since therefore platina mixed with gold is not discoverable by any of the ope- 
rations by which that metal is usually assayed* or refined, nor by. the hydrostatic- 
balance; Mr. L. hoped that these papers, which contain part of the history of 
this extraordinary and till then unknown mineral, and the methods of distin- 
guishing any sophistications of gold, made by. its means, which might otherwise- 
have passed undiscovered, would be candidly received by the r. s. as a means ofi 
promoting that kind of knowledge, for which- that, illustrious body had been ever, 
eminent.* 

LXXXV1I. Ah Explication of all the Inscriptions in the Palmyrene Language 
and Character hitherto published. By the Rev.. John Swinton,M. A. of Christ — 
Church. Oxford , and F.R.S.- p. 690., 

Mr. S. states in this learned dissertation, that on -examining the plates ex- 
hibited in the magnificent work entitled the Ruins of Palmyra, he had, by the - 
help of the Greek inscriptions, corresponding with those in the Palmyrene charac- 
ter, been able to make out the Palmyrene alphabet, which-.be makes appear from: 
the accompanying tables, to which is added. the alphabet of tlie same language, as- 
given by Spon and Gruter. For the Palmyrene inscriptions themselves, with the. 
interpretations and the comments on them, the philological and antiquarian reader 
is referred to the original Transactions, as they would not admit of abridgment,, 
and would have occupied too much space had. they been retained entire.. See 
these alphabets and numerals engraven in gl... 14- 

LXXXVIU. Extract of a Letter from John Lining, M.D: of Charlestown,, in > 
South Carolina, to Charles Pinckney,. Esq. in London with his Answers to. 
several Queries sent to him concerning his Experiment of Electricity with a. 
Kite. Dated Charlestown, Jan. 14, 1754. p. 757.* 

Inclosed are answers to the queries sent me concerning the experiment with- 
the kite.. Since making that experiment last May, . I have not had an opportu- 
nity of making. any more, having been confined, all the summer/ and- autumn: 
with the gout, which perhaps prevented my meeting with the same unhappy fate- 
with Professor. Richman of. Petersburg. It appears that the professor bad a. wire, . 
whjdi came down from the iron rod, erected on his house, through the gallery- 
ceiling, to an iron bar,, which stood in a glass vessel, filled with water and filings 
ef brass;, and that the professor stood so near that iron rod, that his face was * 
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within a foot of it. Now if there was no wire that went from that iron rod, or 
from any part of the wire above it, into the earth, it is no great wonder that the 
professor was killed. I should be extremely glad to be informed, whether the 
iron rod on his house, at the time the experiment was made, had any communi- 
cation, by means of metal, with the earth. For if it had, there is then more 
danger attending these experiments than I imagined. It is likewise said in the 
account, that from the electrical needle, which he observed, there was no danger. 
I am at a loss to know what that electrical needle was, and should be glad to be 
informed. I know that a magnetic needle placed on a sharp point on the prime 
conductor, as soon as the conductor is sufficiently electrified, will move round 
with so great rapidity, that in the dark the electricity, thrown off from both 
poles of the needle, will appear like a circle of fire. 

Answers of Dr. Lining to the Queries sent to him. 

Query 1 . In what manner, and of what materials, was your kite, and the 
•string by which you flew it, made? and to what height did it rise above the 
earth ? 

Answer. The kite, which I used, was made in the common way ; only, instead 
of paper, I covered it with a silk, called alamode. The line was a common small 
hempen one of 3 strands. A silk line, except it had been kept continually wet, 
would not conduct the electricity; and a wire, besides other inconveniencies, 
would have been too heavy. I had not any instrument, to take the height 
of the kite; but believe it was at least 250 feet high. It was flown in the 
day-time. 

Query 2. — You say also, “ AIL the electrical fluid, or lightning, was drawri 
from the cloud, and discharged in the air; and a greater degree of serenity suc- 
ceeded, and no more of the awful noise of thunder, before expected, was heard.’* 
Now I should be glad you would inform us, whether the serenity in the air was 
such, as generally follows, after the clouds in the summer thunder-storms have 
discharged several loud thunder-claps; and whether any flashes of lightning ap- 
peared in the skies, after you had discharged the cloud of its lightning by the - 
kite, as commonly do after a thunder-storm is over in a summer’s night ? for if 
there were no appearance of such flashes, then I think your assertion, that all 
the electric fluid or, lightning, was drawn from the cloud, stands fully proved ; 
but if there were such flashes after, I conceive there must have been some of the 
electrical matter left behind. 

Answer. — During the time of my drawing the lightning from the cloud, and 
for sonie little time afterwards, it rained; by which means, the body of the cloud 
being diminished, a greater degree of serenity necessarily succeeded ; and the 
quantity of lightning extracted from the cloud, or rather its atmosphere, proved 
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sufficient to prevent any thunder in town that afternoon ; though there was a 
great ap;>earanee of thunder before the kite was raised. But whether the same 
serenity succeeded, as frequently happens after a thunder-storm, and whether 
there were any dashes of lightning seen in the evening, I cannot now recollect. 
If such flashes had afterwards been seen in the skies, as is common in a- sum- 
mer’s, evening, especially after a thunder-storm, those might proceed from other 
clouds, which had pas6e<i the town, at too great a distance to be acted on by 
tlie kite. 

Electrified clouds have an electrical atmosphere, as well a6 the prime conduc- 
tor, when it is electrified ; and the diameter of that atmosphere, eaeteris paribus, 
will bear some proportion to the size of the cloud. My smallest prime conductor 
is 2-L inches in diameter ; and when it is fully charged, its atmosphere extends tot 
the distance of about 3 feet from the surface of the conductor. How great then 
must the extent be of the atmosphere, which surrounds a large cloud fully elec- 
trified ? It, perhaps may extend to many hundreds of feet round the cloud, and- 
may even reach so low as to touch the surface of the earth : and when that isth% 
case, a man, or a rod of metal, placed on a cake of resin on- the ground, may 
be electrified, and yield sparks of fine. When a sharp point is presented to 
that atmosphere, it cannot deprive tlie cloud of its whole quantity of electri- 
city, except the sharp point, be so near,, that the cloud may explode upon 
it ; and in that case the cloud must have a communication with, the ground, by 
means of some non-electric body. Suppose an electrified cloud to have an at- 
mosphere, which extends round it to the distance of 90 feet from its surface ; 
and let that atmosphere he divided; into- 3; parts, a, b, and. c, each. 30 feet in dia- 
meter : now if a sharp metalline point erected on a kite, or otherwise, be placed 
either vertically or horizontally in the most interior part of the atmosphere c, 
that point will continue to apt till a quantity, of the lightning is drawn of^ equal 
to the quantity contained, in that atmosphere, and no longer. For then the 
semidiameter of the atmosphere being reduced to 60. feet, evoy part of’ it in 
above, and not in contact with, the sharp point, and consequently beyond' it* 
sphere of action. But let the sharp point be then advanced into the atmosphere 
b, and it will act as before, &c. 

The truth of this, however contradictory it may be^ to the general opinion of 
the action of sharp points, in drawing off the electricity on lightning,* may be 
illustrated by the following experiments on the prime conductor. Electrify the 
prime conductor in a dark room, and draw back the globe to a sufficient distance 
from, the prime-conductor, to prevent its* being supplied, with any more eiectri- 

• Mi. Franklin say?, speaking of sharp point*, “ At whatever distanna, yon *e» the JJgju, yeu may; 
^faw off the electrical fire.” page 2.— Orig. 
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city from the globe* while yott are taking off the electrical, atmosphere with a 
sharp point. Bring then a sharp point, either vertically or horizontally, or in. 
any other direction, within 2 feet of the prime conductor ; and the point, for 
some time, will appear luminous. After that light disappears, advance the point 
3 or 4 inches' nearer to the conductor, and you will observe the same phenomenal 
as. before ; and by advancing the point gradually in this manner,, as the light on' 
it disappears,, the point will be alternately luminous and dark, till you have taken; 
off the whole atmosphere in different laminae. As the point appears more and 
more luminous* the nearer that it approaches the prime-conductor, the electrical 
atmosphere may hawe- different degrees- of density, being perhaps denser near the 
prime-conductor, and carer at ar greater distance from it. If a phial be charged 
on the prime-conductor, when' this experiment is made, the light 1 on the sharp 
point will be much' greater, and. continue longer. 

Query 3. — Did you make any trial, at what distance you could kill. an< animal) 
with a discharge of the electrical fluid from the key or the botftle suspended to it?' 

Answer. — 4 have, not hitherto) had an opportunity of making any-' Such experi- 
ment with the kite. But as> to 'the- firsts h apprehend, that no animal oonld be 
killed! by the discharge of any' quantity of elbe tricity accumulated on the key ;. as' 
the key in that experiment answers the same end as the prime-conductor, and,, 
like it, is capable of receiving on/yai certain- charge of electricity, except the 
lightning flows down, the line. too. fast,, or the kite be so near the cloud that it: 
may explode, when erne standing on the ground' approaches: the- key to draw 
sparks' from, it: but such an< explosion would probably be fatal to the. operator. 
When a phial is suspended to 'the key,, after it has received its charge, if you let 
it continue hanging on the key, the' surcharge will' fly off from the hook of the# 
phial, and the phial,, when charged; in . that manner, will not give a: greater shock 
than if it had; been charged; in the common way with* the globe. 

LXXXIX An Answer to Dr. Linings Query relating to the Death of Pro- 
fessor Rickman . By Mr. William- Watson , F. R. S. p. 763 . 

Dru lining’s letter of. the L4th. of January 1754*. being communicated to 'the 1 
Royal . Society by, Charles Knckney,. Esq. that learned body referred it to Mr. 
Watson, one of; their members, in order that' the best information, that oould 
her procuredon this'subject, should -be transmitted to. Dr. Lining, for whose cor- 
respondence the Society; had-for many years had a very particular attention. Mr. 
Watson imagined, that it would be agreeable to Dr. Lining, as his abode is so 
remote fromiBetersbuxg, where the accident happened to- have- transmitted to 
him not only the answer to wbnt he more particularly requests, but also- as: 
gpneral. an account of every. thing; relating t o su rawomuwn an accideritj as oould 
be procured. 
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The description of Professor Richman’s apparatus, as sent by himself to Pro- 
fessor Heinsius of Leipsic, he called an electrical gnomon. To the construction 
of this gnomon were necessary a rod of metal, a glass jar, a linen thread of a 
foot and lialf in length, to one end of which was fastened half a grain of lead, 
and a quadrant. The rod of metal CD, fig. 5, pi. 11, was placed in the glass 
vessel e, which contained filings of metal. The linen thread cg was fastened to 
the rod at c, and, when the apparatus is not electrized, hangs perpendicularly 
down. The radius of the quadrant, which was divided into degrees, was 2 lines 
more than a foot and half in length. And here must be added an account of 
the otlier part of the apparatus, which was to communicate the electricity to the 
gnomon during a thunder storm. Through a glass bottle, the bottom of which 
was perforated, passed an iron rod, which was kept in its place by means of a 
cork fitted to the mouth of this bottle, through which cork likewise was inserted 
the iron rod- A tile was removed from the top of the house; and on this open- 
ing was placed the bottle, supported by the neighbouring tiles, in such manner 
that one end of the iron rod was not only 4 or 5 feet above the top of the house; 
but the other end, which came through the bottom of the bottle, did no where 
touch the tiles, or any other part of the house. To this end of the iron rod was 
fastened an iron chain, which was conducted into the chamber of Professor 
Richman, on electrics per se, so as no where to touch the building. The en- 
trance to this chamber faced the north ; and at the south end of it there was a 
window, near which stood a table 4 feet in height. On this the Professor placed 
his electrical gnomon, and connected it with the chain, which was brought under 
the ceiling of the room over this table, and communicated with the apparatus on 
the top of the house, by means of a wire bc, which hung from the chain, and 
was joined there to ab, by the little ring b, and communicated with the rod dc 
at c. When the iron rod at the top of the house was affected by the thunder, 
or otherwise suitable condition of the atmosphere, the thread before-mentioned 
deviated from the perpendicular; as it would also do, if artificially electrized. 
The Professor always observed a greater ascent of the thread from artificial elec- 
tricity than by that from the atmosphere. By the former, he had seen it on the 
quadrant describe an angle of above 55°, but never above 30 by the latter. In 
the year 1752, Aug. Q r the apparatus acquired so great a degree of electricity 
from the atmosphere, that from the end of the rod the electrical flashes might 
be heard at several feet distance. Under these circumstances, if any one touched 
the apparatus, they felt a sharp stroke in their hand and arm. 

Professor Richman sometimes added to this apparatus a glass bottle of water, 
after the manner of Professor Muschenbroek hi, adapted to a vessel of metal ik, 
placed on glass. The wire from the mouth of the bottle of water hl, during 
the time of the thunder, he caused to communicate with, bc. From this addi- 
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tion he found the electricity from the atmosphere more vehement than it was 
without it. This he first observed on May 31, 1753, when the electrical fire 
exploded with such a force, that it might be heard at the distance of 3 rooms 
from the apparatus. On the lfeft hand of the bottle was placed a 2d electrical: 
gnomon. When this was made use of, the wire of metal bc, and the wire hl, 
were connected' with mbl, a prime conductor from an apparatus for artificial 
electricity, viz. a glass globe, &c. At the- same time also, from the chain ab 
was fastened a piece of wire bk,. in contact with the vessel ik. By these means, 
when .the electrical machine was put in motion, both the electrical gnomons were 
electrized: but this went off in a- great measure, as soon as the motion of the 
machine ceased. By this whole apparatus taken together, Professor Richman 
observed a kind of reciprocation in the effects of electricity;, for at first, when 
the electrical machine was put in motion, both the linen threads- cg and co arose 
with the degrees of their respective quadrants. K then the wire- bc of the right 
gnomon was touched; the thread cg collapsed to the rod cn; but the thread on 
the left side continued diverging as before the touch. Also, if the wire bc of 
the left gnomon was touched, then in its turn the thread cg at the rod cd of the 
right gnomon collapsed, and the thread of the right gnomon ascended again. 
This reciprocation of the ascending mid' descending of the thread, might ber 
repeated 3 or 4 times without exciting the machine anew- 

The ingenious and industrious Professor Richman lost his life’ on the 6th of 
August 1753, as he was observing, with. Mr. Sokolow, engraver to the Royal 
Academy at Petersburg, the effects of electricity on his gnomon, during a 
thunder storm. As soon as his death was publicly known, it was imagined that 
the lightning was more particularly directed into- his room by the means of his 
before-mentioned, apparatus. And- when, this affair was- more inquired, into, this 
opinion appeared to be not ill-founded; for Mr. Sokolow saw that a globe of 
blue fire, as large as his fist, jumped from the rod of the right gnomon cd, to- 
wards the forehead- of Professor Richman, who at that instant was at about a- 
foot distance from the-rod, observing the electrical index. This globe of fire, 
which struck Professor Richman, was attended with a report as loud as that of. 
a pistol. The metal wire bc was broken in pieces, and its fragments thrown on. 
Mr. Sokolow’s clothes, from their heat burnt marks of their dimensions on- 
them. Half of the glass vessel b was broken off, mid. the filings of metal in it 
were thrown- about the room. Hence it- is plain, that the force of the lightning 
was collected on- the right rod cd-, which touched the filings of metal in the glass- 
vessel e. On examining the- effects of lightning in the Professor’s chamber, they, 
found the door-case split half through, and the door tom off, and thrown into 
the chamber. The lightning therefore seems to have continued its course along, 
the'chain, conducted under the ceiling of the room; but that it.came from th 
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apparatus at the top of tlie house to the door, and then into the chamber, does 
fcot, as far as can be collected, appear. 

If indeed it could be ascertained, that the lightning, which was the death of 
Professor Richman, was collected on the apparatus, for this reason, because these 
bodies, at the instant of the lightning, were capable of attracting and retaining 
the electricity, it would then be in our power sometimes to divert the effects of 
lightning. But of this fact, more time and longer experience must acquaint us 
with the truth. 

Hence Mr. Pinckney may acquaint Dr. Lining, that in Mr. Watson’s opinion, 
«t the time Professor Richman was killed, his apparatus was perfectly insulated, 
and had no communication with the earth, by the means of metallic or other 
Substances, readily conducting electricity, and that the great quantity of electri- 
city, with which, from the vastness of the cause, the apparatus was replete, dis- 
charged itself through the Professor’s body, being the nearest non-electrip sub- 
stance in contact with the floor, and was unfortunately the cause of h is death. 
This, it is presumed, would not have happened, had the chain, or any other part 
of the apparatus, touched the floor, by which the electricity would have been 
readily communicated to the earth. 

Since the reading of the above to the Royal Society, a treatise in Latin, inti- 
tled, Oratio de Meteoris vi Electrica Ortis, by Mr. Lomonosow, of the Royal 
Academy of Sciences at Petersburg, has been transmitted to the Society. By 
this, among many other curious facts, we have been informed of certain parti- 
culars in regard to the death of Professor Richman ; of which the following may 
not be improper to be inserted here. 

Mr. Lomonosow observes, that with regard to the sudden death of the gen- 
tleman before-mentioned, the accounts, communicated to the public, contained 
some circumstances not fairly stated, and others of some importance were en- 
tirely omitted. With regard to the first, it is incontestably true, that the win- 
dow, in the room where Professor Riohman was, (a) fig. 6, had continued shut; 
that the wind might have no effect on his electrometer; but that the window in 
the next room (efHg) was open, and the door (d), between these two rooms, was 
half open ; so that the draught of sir might justly be suspected to have followed 
the direction of the iron conductor of the Professor’s apparatus; that this con- 
ductor came from the top of the house at (i), and was continued tp (h) and (b). 
idly. That this conductor was not placed far from that door-case, part of which 
was tom off. 9dly. That at this time no use was made of the Leyden bottle, 
mentioned in the preceding account; but the iron was inserted into a glass stand, 
to prevent the dissipation of the electrical power, and that the gnomon should 
show its real strength. 

With regard to the id, there ha6 as yet been no mention, that Pcofcssat 
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Richman, at the time of his death, had 70 rubles (a silver coin) in his left coat- 
pocket, which by this accident were not in the least altered. 2dly. That his 
clock, which stood at (f), in the corner of the next room, between the open 
window and the door, was stopped ; and that the ashes from the hearth (g) were 
thrown about the room. 3dly. That many persons without doors declared their 
having actually seen the lightning shoot from the cloud to the Professor’s appa- 
ratus at the top of his house. A view is likewise added of the chamber, (fig. 7) 
where the Professor was struck by the lightning: who stood at (h), with his 
head projecting towards (g) his electrometer; at (m) stood Mr. Sokolow the en- 
graver; from the door (c) a piece was torn off, and carried to (d); (ab) part of 
the door-case rent. 

In this treatise Mr. Lomonosow, among other phenomena of electricity, takes 
notice, .that he once saw, in a storm of thunder and lightning, brushes of elec- 
trical fire with a hissing noise, communicate between the iron rod of his appa- 
ratus and the side of his window; and that these were 3 feet in length, and a 
foot in breadth. Effects like these no one but himself has had the opportunity 
of observing. 

XC. Extract of a Letter from John Henry lEinkler , Professor of Natural Phi- 
losophy at Leipsic, and F. R. S. relating to two Electrical Experiments. Dated 
Leipsic, May 22, 1754. p. 772. 

On January 8, he sprinkled a plate of metal with the seeds of club-moss.* 
To this plate he connected a chain, which communicated with the coating of the 
Leyden bottle of water. He afterwards sufficiently electrized this water, to make 
the artificial thunder, of which he gave an account in his treatise De Avertendi 
Fulminis Artificio, p. 10 and 1 1. Having drawn these seeds together on a heap 
on the plate, he brought over them the sphere of metal, the size of which is 
arbitrary, impregnated with this electricity. On bringing this sphere near the 
plate, the electricity exploded, by which the seeds were set all on fire. These 
seeds were dry, and had no inflammable spirit mixed with them. The flame 
which arose from these seeds was true fire, as it lighted some flax, which lay on 
the seeds, and extended itself beyond the metal. 

Jan. 13 he put some aurum fulminans on a circular piece of parchment: this 
parchment he cemented to a plate of metal, and caused/ the bottle replete with 
electricity to be discharged on it. Immediately the aurum fulminans exploded 
with a very loud report, and the circle of parchment was torn all to pieces, 

* Lycopodium, club-moss, wolf’s-claw. — Orig. 
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XCl. Of a Fire-bail , seen at Hornsey. By William Hirst, F. R. S. p. 773- 
This phenomenon Mr. H. saw on Feb. 2 6 , 1754, about 5 minutes before 11 
at night. He was then going down the hill adjoining to the south side of 
Hornsey church, and was not a little surprised to find himself suddenly sur- 
rounded with a light equal to that of the full moon, though the moon, which 
was then 4 days old, had been set about 50 minutes. He had a distinct, though 
short, view of a ball of fire, which at first appeared to be about 15° high, w. 
by n. Its descent was not exactly perpendicular, but made an angle of about 80° 
with the s. s. w. part of the horizon, moving from left to right, so that when it 
went below the horizon, its bearing from him was w. n. w. It moved with great 
velocity, not continuing visible much longer than 2 seconds; though he Ad not 
lose sight of it till it descended below the horizon. But short as this duration 
w r as, its shape might be well discerned. The diameter of the nucleus, or head • 
of the meteor, appeared to be equal to the semidiameter of the meridional full 
moon, and the tail, which terminated in a point, seemed not longer than twice 
the diameter of the nucleus. And its track in descending seemed to be but 
about 10° from the vertical; as the position in fig. 8, pi. 11. This meteor was 
not attended with any noise, nor left any luminous stream after its descent below- 
the horizon. The appearance of such meteors at that cold season of the year is 
the more extraordinary, as their generation is attributed to exhalations caused 
by heat, or- the action of the sun; for which reason they are generally seen after 
hot sultry weather. 

By the distinctness and red fiery colour of this phenomenon, he imagined that 
it was not very high in the atmosphere; but should be induced to think other- 
wise, if credit is given to an account from Dublin, which states that a like meteor 
was seen there between 10 and 11 that night, which illuminated the whole 
hemisphere, and continued about 4 seconds. The near agreement in these two 
accounts, as to the situation and time (allowing for the difference between the 
meridians of Dublin and Hornsey), it being nearly half an hour past 10 at 
Dublin when 1 1 here, makes it very probable that it was one and the same me- 
teor; which, if so, is a proof that its height in the atmosphere must be veiy 
considerable. 

XCII. A Compaj'ison between the Notions of M. de Courttvron and Mr. Melvil, 

concerning the Difference of Refrangibilily of the Rays of Light. By Mont. 

Clair aut, Memb. of the R. Acad, of Sciences at Paris, and F.R.S. -p. 77^. 

M. Clairaut observes that both the above-named gentlemen, Mr. Melvil and 
Mr. de Courtivron (the former in a paper lately printed in these Transactions, 
and the latter in a book published by him in 1752) had thought of accounting 
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for the difference of refrangibility, by the difference of velocity in the rays of 
light; which, if it really agreed with the observations, would give a great sim- 
plicity to tfie theory of refraction, as reducing it under the same laws as the 
theory of gravity; whereas on the hypothesis, in which the particles of light are 
endowed with .tendencies different from each other, we are obliged to multiply 
the properties of matter. 

Messieurs de Courtivron and Melvil went so far the same ways, as to examine, 
whether the immersions and emersions of Jupiter’s satellites could not afford the 
means of distinguishing the difference of velocities between the rays of several 
colours. In fact, if, according to that hypothesis, the red rays were swifter than 
the others, it possibly might happen that the satellite would appear of a reddish 
colour in the beginning of the emersion; viz. before the full time required for 
the whole transmission of light from tlie satellite to us. As to the examination 
of the number of seconds between the propagation of the red and violet rays, 
the two authors differ widely ; and M, Clairaut thinks, that Mr. de Courtivron’s 
calculations are more surely grounded than the others. 

Mr. Melvil supposes, that the difference of velocity between two sorts of rays 
must be very nearly as the difference of their sines of refraction, when their sines 
of incidence are the same. Whence he concludes that, as the sine of refraction 
of the red rays is about -fa- greater than the sine of refraction of the violet ones, 
the velocity of the first rays must also exceed the velocity of the second by about 
He indeed gives those proportions as only being nearly the same; for, says 
he further, to know exactly the ratio of the velocities from the sines of refrac- 
tion, the following problem should be resolved, which he proposes to the learned : 

4C If two bodieB foil, in equal angles of incidence, on a space terminated by 
parallel planes, in which any power acts perpendicularly to the planes (according 
to the hypothesis in pop. Q4 t lib. 1, of the Principia), the ratio of the sines of 
the emergence to the common sine of incidence, and consequently to each other, 
being given, to determine the proportion of their velocities at the time of their 
incidence on the first plane.” 

But as the investigation of the curve described - by the fays of light, in any 
hypothesis of attractive powey, has been published long ago (at least by M. 
Claraut in 1738), and by such a method as leads to the solution of Mr. Melvil’s 
problem, he doubts not but if he had seen that method, he would have resolved 
the problem which he proposes, and perceived what a considerable difference there 
is between the proportion of the velocities, and that of the sines of refraction. 

. M. de Courtivron, who has made use of M. Claraut’s solution, arrived at the * 
following result; If p denote the ratio of the sines of incidence to the sine of 
refrac tion for one of the colours, and q the same ratio for any other, then 
V i — qq to V l — pp will express the ratio which the velocity of the first rays 
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bears , to the velocity of the others. Now, to make use of such a theorem, if . 
p and q be made equal to and which are the proportions between the sines 
of incidence and refraction for the red and violet rays, the ratio of the velocities 
sought will come out in even numbers, that of 45 to 44, which differs entirely 
from Mr. MelviFs. 4 

Thus, if Mr. Short’s observations have led him to conclude, from Mr. Melvil’s 
principles, that the difference of refrangibility cannot be caused by the difference 
of velocities, when the motion of light is performed in the manner of a projectile, 
how surer may not his assertion be according to M. de Courtivron’s calculation, 
since they give a difference of time considerably greater? 

XCIII. On some New Electrical Experiments. By John Canton , M.A. t 

F.R.S. p. 7 80. 

The resinous and vitreous electricity of Mr. Du Fay, which arose from his 
observing bodies of the one class to attract, what those of the other would repel, 
when each were excited by attrition, received no light till the publication of the 
second part of Mr. Franklin’s experiments; where it appears, that the one kind 
of bodies electrify positively, and the other negatively; that excited glass throws 
out the electric fire, and excited sulphur drinks it in. But no reason has yet 
been assigned, why vitreous bodies should receive, and resinous bodies part with 
this fire, by rubbing them. Some persons indeed, of considerable knowledge in 
these matters, have supposed the expansion of glass, when heated by friction, t& 
be the cay6e of its receiving more of the electric fluid than its natural share; 
but this supposition cannot be made with regard to bodies of the other sort, such 
as sulphur, sealing-wax, &c. which part with it when treated in the same man- 
ner. The following experiments, first made at the latter end of December 1 753, 
and often repeated since, may perhaps cast new light on this difficult subject. 

Having rubbed a glass tube with a piece of thin sheet-lead and flower of 
emery mixed with water, till its transparency was entirely destroyed; after making 
it perfectly clean and dry, Mr. C. excited it with new flannel, and found it act 
in all respects like excited sulphur or sealing-wax. The electric fire seems to 
issue from the knuckle, or end of the finger, and to spread itself on the surface 
of this tube, in the beautiful manner represented at 'a and b in fig. l,pl. 14. 

If this rough or unpolished tube, be excited by a piece of dry oiled silk, espe- 
cially when rubbed over with a little chalk or whiting, it will act like a glass 
tube with its natural polish. And in this case, the fire appears only at the 
. knuckle, or end of the finger; where it is very much condensed before it enters; 
as at a and b in fig. 2. 

But if the rough tube be greased all over with tallow from a candle, and as 
touch as possible of it wiped off with a napkin, then the oiled silk will receive a 
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kind of polish by rubbing it, and after a few strokes, will make the tube act in 
the same manner as when excited at first by flannel. 

The oiled silk, when covered with chalk or whiting, will make the greased 
rough tube act again like a polished one: but if the friction be continued till the 
rubber is become very smooth, the electric power will be changed to that of sul- 
phur, sealing-wax, &c. • 

Thus may the positive and negative powers of electricity be produced at plea- 
sure, by altering the surfaces of the tube and rubber; according as the one or 
the other is most affected by the friction between them ; for if the polish be taken 
off one half of the tube, the different powers may be excited with the same 
rubber at a single stroke. And the rubber is found to move much easier over 
the rough, than over the polished part of it. 

That polished glass electrizes positively, and rough glass rubbed with flannel 
negatively, seems plain, from the appearance of the light between the knuckle,, 
or end of the finger, and the respective tubes; but yet may be further confirmed 
by observing that a polished glass tube, when excited by smooth oiled silk, if 
the hand be kept at least 3 inches from the top of the rubber, will at every 
stroke appear to throw out a great number of diverging pencils of electric fire, 
as in fig. 3 ; but not one was ever seen to accompany the rubbing of sulphur, 
sealing-wax, &c. nor was Mr. C. ever able to make any sensible alteration in the 
air of a room, merely by the friction of those bodies; whereas the glass tube,, 
qphen excited so as to emit pencils, will, in a few minutes, electrify the air to 
^uch a degree that, after the tube is carried away, a pair of balls, about the size 
of the smallest peas, turned out of cork, or the pith of elder, and hung to a. 
wire by linen threads of 6 inches long, will repel each other to the distance Of 
1-i- inch, when held at arm’s length in the middle of the room. But their repul- 
sion will decrease as they are moved toward the floor, wainscot, or any of the 
furniture; and they will touch each other when brought within a small distance 
of any conductor. ' Some degree of this electric power sometimes continues in. 
the air above an hour after the rubbing of the tube, when the weather is 
very diy. 

The electricity from the clouds, in the open air, may be discovered in the 
same manner, if the balls be held at a sufficient distance from buildings, trees, 
&c. as he had several times experienced, by a pair which he carried in a small 
narrow box with a sliding cover, fig. 4, so contrived as to keep their threads 
straight, and that they may be properly suspended, when let fall out of it ; and 
these balls will easily determine whether the' electricity of the clouds or. air be 
positive, by the decrease, or negative, by the increase of their repulsion, at the 
approach of excited amber or sealing-wax. 

To electrify the air, or moisture contained in it, negatively; he supported by 
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silk, between two chairs placed back to back, at the distance of about 3 feet, a 
tin tube with a fine sewing needle at one end of it; and rubbed sulphur, sealing- 
wax, or the rough glass tube, as near as can be to the other end, for 3 or 4 
minutes. Then will the air be found to be negatively electrical ; and will con- 
tinue so a considerable time after the apparatus is removed into another room. 

The air without-doors is sometimes found to be electrical in clear weather; but 
never at night, except when there has appeared an aurora borealis, and then but 
to a small degree. How far positive and negative electricity ip the air, with a 
proper quantity of moisture between, to serve as a conductor, will account for 
this, and other meteors sometimes seen in a serene sky, he leaves to the curious 
in this part of natural philosophy to determine. That dry air at a great distance 
from the earth, if in an electric state, will continue so till it meets with such a 
conductor, seems probable from this experiment: an excited glass tube with its 
natural polish, being placed upright in the middle of a room, by putting one 
end of it in a hole made for that purpose in a block of wood, will generally lose 
its electricity in less than 5 minutes, by attracting to it a sufficient quantity of 
moisture, to conduct the electric fluid from all parts of its surface to the floor. 
But if, immediately after it is excited, it be placed in the same manner before a 
good fire, at the distance of about 2 feet, where no moisture will adhere to its 
surface, it will continue electrical a whole day, and how much longer he knows 
not. It may not be improper to mention here, that if a solid cylinder of glass 
be set before the fire till quite dry, it may as easily be excited as a glass tube, an<^ 
will act like one in every respect ; the first stroke will make it strongly electrical.* 

X CIV. On the Effects of Electricity in the County Hospital at Shrewsbury. By 

Cheney Hart , M.D. p. 786. 

They tried the effects of electricity in many different cases, though with little 
success, except in the case of one woman, whose left arm had been paralytic 
some years, and remained so, notwithstanding all the endeavours used to remedy 
it, so that it was absolutely motionless, and senseless of heat, cold, or paip. This 
patient had her arm electrized frequently, and the sparks were drawn from it, and 
the greatest blows given to it, for many days successively, by which in about 8 
or 9 days time her arm grew sensible of pain and warmth, &c. and she had some 
little motion of her fingers, being able to grasp any thing with her arm down, 
or before her; but she could not lift it up to her hold any better. This encou- 
raged them to continue the electrizing 3 or 4 weeks longer; in which time she 
had got some little strength in her arm, could open and shut her fingers, and 
lift it half way to her head : but the pain she had from the electrizing, and the 
fear that increased continually of new shocks, made her obstinately resist using 
it any longer; and she chose, she said, rather to remain paralytic, than, undergo 
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such operations any more : so that she was discharged out of the Infirmary, with 
such little relief as above mentioned, and Dr. H. never has heard more of her. 
He wished she had tried it a while longer, as it bid so fair to do her service; and 
this was the only case, which gave any reasonable hopes from its use. 

Another young girl, about l6, whose right arm was paralytic, on being elec- 
trized the 2d time, became universally paralytic, and' remained so about a fort- 
night ; when the increased palsy was removed indeed by the medicines which 
her case indicated ; but the first diseased arm remained as before. However, 
notwithstanding the former bad accident,' he had a mind to try the elecjtricity on 
her again, which he renewed, arid after about 3 or 4 days use, she became the 
2d time universally paralytic, and even lost her voice and tongue, and with dif- 
ficulty could swallow : this confirmed him in opinion, that the electric shocks 
had occasioned these symptoms. He therefore omitted it, and the girl, though 
she got better of her additional palsy, remained as bad as before of her first ; and 
after about 4 months repeated Course of medicines of different kinds on her, she 
was discharged ine'ufable. 

These were the only 2 cases worth noticing, that had occurred, in which it 
could be said to hate produced any rernarkable effects at all : for on numbers of 
others, that hr-d experienced it, Dri H. observed nothing happen, except that 
when the affteted palsied limb Was touched with the electrical conductor, a con- 
vulsive motion was' produced immediately ; but this was over very soon, and they 
had all remained as motionless and bad as before. 

XCV. On the Number of Inhabitants within the London Bills of Mortality. 

By the Rev. fVm. Brahehridge, D.D., F. R. S. p. 788. 

Dr. B. consulted the yearly bills of mortality for the last 50 years, viz. from 
1704 to 1753, which he imagines sufficient for tjie purpose; and from them he 
extracted all the numbers of the baptisrns and burials, both within the walls of 
London, and at large within the bills of mortality.' And because it may be surer 
to compute from a number of years taken at an average, than from the numbers 
in any one year as they stand in the : bills; he took the sums of the numbers, for 
each 5 years of the 50, and then the '5th ‘ part of each of these sums : which will 
at a medium be the number for any particular year. And in like mariner, he 
took the sums of the humbers for each 10 years, and the 10th part of each of 
the sums will be the number for any year, at an average. And the numbers so 
found appeared thus r 


Digitized by Le 



036 


PHILOSOPHICAL TRANSACTIONS. . 

/ ‘ 


In the whole Bills of 
In the City only. Mortality. 

L J J I J 


Years. 

Baptisms. 

Buriate. 

Baptisms. 

Burials. 

1704 to 8 

1870 

2553 

15867 

22103 

1709—43 

1805 

2551 

15288 

21701 

1714—18 

1890 

2706 

175S6 

24641 

1719—23 

1871 

2719 

18360 

26978 

1724 — 28 

1829 

2727 

18442 

27670 

1729 — 33 

1578 

2532 

17452 

26267 

1734 — 38 

1406 

2242 

16762 

26l65 

1739—43 

1221 

23 97 

. 15034 

28219 

1744 — 48 

1062 

1989 

14402 

23884 

1749—53 

1087 

1790 

14850 

22006 - 

1/03 — 13 

1837 

2552 

15577 

21602 ^ 

1714—23 

1880 

2712 

18073 

25809 

1724—33 

1703 

2647 

17920 

27168 

1734—43 

1313 

2320 

15898 

27192 

1744—53 

1074 

1890 

14626 

22945 


> 

| 

I 

a, 

Cft 

*5 

8 

a 


£ > 

° £ 

. (» 

£2 
8<g 
a ® 
• o 


\ 

[anno 1754. 


Where the numbers are ranged in 5 columns. The first denotes the years, 
the 2d and 3d the baptisms and burials within the city walls, and the 4th and 
5th show the baptisms and burials at large within the bills. Thus, for instance, 
22945 is the number of burials, at a medium, for any of the 10 years within the 
bills from .1744 to 1753 inclusive. And, in like manner, 1221 is the number 
of baptisms for any year, at an average for 5 years, from 1739 to 1743 inclusive, 
and so of others. The numbers above the line are computed for 5 years, and 
those below are for 10. . 

In the burials, it is always to be considered, that there are perhaps 200Q.more 
than what the bills represent them. For there are burying-grounds belonging 
to the Protestant Dissenters, the Quakers, and the Jews, that are very consi- 
derable, of which there is no account taken. In the first of which, in Bunyan- 
fields, he was informed there are about 400 burials in the year, and in the others 
together there may be abopt 400 more , which sum of 800 we may suppose comes 
from all parts within the bills. But Dr. B. thinks the one-half, viz. 400, must 
at least come from within the city, where there are most Protestant Dissenters 
and Jews. So that 400 may always be added to the burials, within the city. 
Also both from within and without the city, a great many burials go out into 
the country, of which no notice is taken. But if we were to suppose that there 
are 1200- in the whole, carried out into the country, over and above the 800 
mentioned above, in the burying-grounds, he thinks that to be the outmost. 
And therefore in the calculations he supposes 2000 burials yearly, more than in 
the bills at large. 

It is next to be observed, that in the bills the baptisms are always about two- 
fifth parts, at least, less than the burials, with the numbers added to them above- 
mentioned ; and that this difference within the city seems continually to increase. 
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so that it is much greater now, than it was some years ago; which appears 
plainly to arise from two causes ; the number of Dissenters of various denominar 
tions, and the multitude of people that live unmarried. But he thinks it is rathe- 
owing to the last : for, in London and Westminster, the one-half of the people 
at least live single, that are above 21 years of age ; which must prevent almost 
as' many more births, that might be reasonably expected. And this is not mere 
conjecture; for he had some proof from a particular detail of one parish within 
the city ; where the greater part of those that are above that age are single. In 
the natural' state of mankind, it seems plain that the number of births should be 
greater than the. burials, and he believes that in many parishes in the country 
they arp nearly double. He. found it so in the Isle of Wight/ where he lived 
some lime, ‘and had an opportunity to see their registers ; for there the births 
were generally nearly double. And even in London, before the great fire in 
1666, it appears, from some parish registers, that the baptisms were nearly 
about equal to the burials, but never afterwards : the reason of which he does 
not understand, unless it be that more people were then married, and that from 
that time there twas a greater confluence of strangers : for there certainly were 
more dissenters at that time than ever after. 

It is further to be observed, that in the bills from the year 1704 to the year 
1728, without the city, both the numbers of christenings and burials continually 
increased; and that from that time to 1743, they continued nearly the same; 
but that after 1748 they gradually decreased till this time ; which plainly shows, 
that the inhabitants were increasing till about the year 1728 ; and that from 
thence to 1743, they remained in the same state nearly; but that afterwards, 
during the last 10 years, till 1753, they were constantly diminishing. For it is 
evident, that the number of inhabitants must always be in proportion, to the 
number of births, and burials considered together. And hence it appears, that 
•the cities of London and Westminster were in the mo$t flourishing state, with 
regard to numbers, from 1728 to 1743, and that they are now past their height, 
arid in the same state they were in the year 1708; and the first decrease seems 
to have been at the beginning of the last French war, which was in 1 74 4. 
Within the city walls the number of the inhabitants do not seem to fluctuate, in 
-the same periods of time, as without ; for the most numerous state of the city, 
appears to have been from the year 1718, to the year 1728, and then after that 
-they have been continually decreasing : so that when they were mo6t numerous 
within the walls, they were not then arrived at the height without ; and when 
they were in the highest state without, they were diminishing in the city. Per- 
haps the vast number of new buildings, within the liberties of Westminster, may 
have in partoapAed this diminution. And as from the year 17 18, within the 
city, the christenings have been so remarkably decreasing, that they are now 
vol. x. 3 Z 
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but three-fifths of what they were at that time, and the burials are likewise di- 
minished above one-fourth in the last 5 years ; this seems to show, that the in- 
habitants within the city walls must be nearly one-fourth fewer, than they were 
in the year 17 18. 

Now, in order to calculate the number of inhabitants, it will be necessary to 
observe, that in a year in London there generally dies one person in 30. This 
Sir Wm. Petty has long ago observed ; and Dr. B. found it to be near the truth, 
on consulting his parish register. For in the parish of Bassishaw, London, there 
are not above 800 people, as appears from an account lately- given him : and the 
burials for the last 10 years in the whole amount to 262 ; which at a medi um 
gives 26 for one year, which is the 30th part of 800 nearly. In some parishes 
in London there die more than in this proportion, as in St. Giles’s Cripplegate ; 
and in others in the out parts of the town there die fewer; but in general it will 
hold true, in and about the city. In the town of Breslaw in Germany, from 
which Dr. Halley formed his table for the probabilities of life, there die about 2 
in 69, that is less than 1 in 34 ; as is plain from an easy computation. But 
there certainly die more than in that proportion, within the London bills ; for 
it appears that one-third at least of the children die under 2 years of age; whereas 
at Breslaw there die under that age, only one-fifth ; and therefore, the difference 
being two-fifteenths, or four-thirtieths, there die 4 in 30 more at London than 
at Breslaw, under 2 years of age. 

In the country the case is very different; for there does not die above 1 in 50, 
in healthy places. Sir Wm. Petty has also observed this. For in the parish of 
Newchurch in the Isle of Wight, where Dr. B. resided some time, there are 
about QOO people, and there does not die, at a medium, above 18 yearly ; which 
is one in 50 exactly. And he believes this will be found to be nearly the same 
in most of the counties in Britain, where the people do not live in great towns; 
which shows the great difference between the effects of the air in London and 
the country. 

If then it be allowed, that in Lohdon and Westminster there dies one in 30, 
it will be very easy to make a calculation of the whole number of the people 
nearly, that are within the bills. For if we take the number of burials at an 
average for some years, and multiply that- by 30, the product must be the num- 
ber of the people. Thus if we take the number of the burials, at laige within . 
the bills, for any one of the last 10 years, at a medium, from 1744 to 1753 in- 
clusive, to be 22945, and add to this 2000, for those burials omitted in the 
bills; as is supposed above, the total will be 24945, all the burials within the 
limits of the bills, for one year at 1753; and then multiply this by 30, the pro- 
duct 748350 will be the whole number of the people nearly, at present. But if 
we take 27192, the number of the burials, at a medium, for any one of the ten 
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years preceding 1743 inclusive, and add to this 2000, as above ; the whole of 
the burials at that time within the bills will be 29192, which being multiplied 
by 30 gives 875760, for the number of the people at the year 1743. And 
therefore the inhabitants are fewer now than they were in 1743, by 127000. 

• : If we were to try the same calculation, by taking the burials, at a medium, 
only for 5 years to 1753, and also for 5 years to 1743 inclusive, the difference 
will be greater. For the numbers at these two times will be 720180, and 
906570, of Which the difference is 1 86390 ; so that the people would appear 
fewer at 1753 than they were in 1743, by 186000. But this is not so much to 
be depended on as the numbers above ; because there were two extraordinary 
bills at 1740 t and 1741 . Or if we should imagine that there might not more 
die at London than at Breslaw, that is 1 in 34, still the difference would be 
greater than we found at first. For taking the burials at an average for ten 
years, at 1753 and 1743, as above, the numbers would at these two times be 
848130 and 992528, of which the difference is 144398 ; so that it seems plain, 
if the bills are to be depended on, that there is a decrease of the people since 
1743 of above an hundred thousand, and that at present the number is about 
740000. . And this decrease has been annually continued : for if we try the 
thing further, at the distance of 5 years, and take at a medium for 5 years, 
the burials for 1753 and 1748, the numbers will come out 720180 and 776520; 
of which the difference is 56340, the number decreased for the last 5 years. 

There is another way of computing, from the number of houses ; but he 
thinks this not so certain as the other. For here are two difficulties ; to ascer- 
tain the number of houses, and to fix on the number of persons for each house. 
As to the last, Sir Wm. Petty thought we might allow 8 persons to a house: 
which Dr. B. found to be a mistake. He made an experiment of it, and got an 
exact account of the numbers in each house in a certain parish in London ; and 
he found that they, exactly come to 6 in a house, empty and full together, for 
there, is seldom above one in 20 empty. And as in that parish the people are in 
a middle condition, and some of them have a number of servants ; it may be 
presumed they are in a middle state with regard to numbers, between the very 
great: families^>aftd those in the lowest rank. This is also confirmed, if we 
allow, as above, 1 in 30 to die yearly in London. For within die city walls 
there were 11857 houses in the 97 parishes, as appears from Mr. Smart’s ac- 
count^ which was supposed to be very accurate at tint time: but since he published 
that in 1741, there are npt so many houses within the city walls; for in many 
parishes there are houses greatly enlarged, some rebuilt instead of 2 or 3 ; and 
warehouaes mwte of others. In some parishes there' is 1 in 20 fewer than in his 
time. In Qther& perhaps there is no alteration. But he thinks they must, at an 
average, be diminished 3 in 100 at least ; and consequently there are about 354 
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fewer, and the number of houses within the city walls is about 11&OS ; which 
being multiplied by 6, gives 6901 8, for the number of inhabitants; which is 
nearly equal to the burials 2290 multiplied by 30, or 68700; taking the burials 
at a medium for 10 years, and adding 400 as above. 

The number of houses within the bills may then be nearly come at, from the 
number of burials. For if we take the number of burials for the last 10 years, 
at an average within the city, to be 1890, and add 400, which makes 2290, wd 
may say, if 2290 comes from 1 1503 houses, then the whole number 24945 of 
burials within the bills, having allowed 2000 as above, must COttie from 125302 
houses. And there cannot be fewer ; for there are more burials within the City, 
in proportion to the baptisms, than in the out-parishes ; and therefore more 
buri als in proportion to the number of houses ; which shows that the number of 
bouses cannot be less than 125302; which being multiplied by 6, will give 
75 18 12, for the number of people for this present time ; and k is nearly equal 
to the number 748350 found above. So that the numbers produced from these 
2 methods being almost equal, this is some further proof that our supposition, 
of 6 persons to a house, empty and full, is near the truth. But if we suppose, 
that the number of houses within the walls is now the same, as in Mr. Smart's 
time, 11857; then all the houses within the bills will be 129158, and the 
number of people 774948, greater than 748850, found above, by 26598; which 
is not much in such calculations. 

Sir Wm. Petty also says, that be was informed there were 84000 houses te- 
nanted within the bills, in the year 1682, in which he wrote, and if so, the 
number of houses seem to be increased near one-third since that time. And 
according to our way of computing, to suppose 6 to a house, empty and full, 
there could not be more than 504000 people at that time ; which is less than 
the number we found above, for the present time, 7*48850, by 244350. But 
now, instead of increasing, we are decreasing ; for since the year 1748 the in- 
habitants have been annually diminished; by which it appears that this great city 
is pest its height, and is rather on the decline with regard to numbers. And 
hence we see how far Sir William was mistaken, who imagined that it might 
increase continually till the year 1800 ; wheh the number of people would be 5 
- millions, that is near 7 times as much as they are at present. 

Now, to account for this decrease, there may he various conjectures: Dr. B. 
thinks 3 causes may be assigned, that may all operate jointly. One may be the 
vicious custom that has prevailed of late years, among the lower people, of drink- 
ing spirituous liquon ; another the fahionable humour of living angle that 
daily increases; and a third may be the great increase of tritde i« the northern 
parts of Britain, that keeps the people there employed at home, that they have 
no occasion, as formerly, to come hither for business ; and it were tu be wished 
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that this cause was the most prevailing. But whatever be the cause, it seems 
plain, that it could not be the late French war, as 9ome imagine. For, by what 
was shown above, there has been a decrease of 56000 since the year 1749, after 
the peace ; but if the war had been the cause, there ought rather to have been 
an increase after it. And as in the whole, we could not have lost more than 
150000 in the war, by land and sea, of which there was not one-fifth, or 30000, 
taken frotn about the city ; this can never account for 64000, the decrease before 
the year 1748. In the former war, between 1702 and 1 7 1 1, the city never de- 
creased, but continually increased : from which one would imagine that the last 
war could not diminish its numbers. 

Nor can this decrease in the bills be accounted for, from a greater number 
than formerly leaving the town in summer; because it does not appear that 
there is a greater number of such, than was 10 years ago. And if it could be 
allowed that the number was greater, it can never be thought that it can amount 
to 120000 more thart in the year 1743. 

It is true, this decrease maty appear surprizing to some, when they see the 
number of new buildings in Westminster, continually increasing ; but then, on 
the other hand, it is likewise to be considered, that there are a great number of 
houses enlarged, or rebuilt, instead of 2 or 3 others, as mentioned above ; and 
others falling in and empty, about the eastern parts of the city ; so that for the 
last 20 years the inhabitants seem only to be moving, from the eastern to the 
western parts of the town, and not increasing. 

XCVL On a large Calculus found in a Mare. By Mr. fVm. Watson, F. JR. S. 

p. 800. 

■ This stone was composed of different laminae, and its figure Is that of an Ob'- 
late spheroid, whose greatest diameter is 8-f inches ; its lesser 8 inches. Its 
Surface is extremely regular, but it appears in several of its parts, as though it 
Had been corroded by some acrid menstruum ; and in a place or two, where the 
external lamina is quite worn away, and the lamina immediately underneath it 
polished during its continuance in the mare, the calculus has great' resemblance 
in colour to occidental bezoar. 

It weighed in air 15 lb. 12 oz< Avoirdupois ; in Water fi lb 1 . : so that its specific 
gravity to that of w'aterwas nearly as 8 to 5. So that it is not only considerably 
fighter than any fossil petrifaction, but much more so than many animal ; some 
human calculi, when fresh extracted, being to water as 2 to 1. 

With regard to its bulk, it is the largest he remembered to have been ob- 
served, except one presented to the n. s. in the year 173 7* which was taken out 
of the stomach of a dray-hor^p, belonging to Sir Henry Hkkes, Knt. at Dept- 
ford, and which weighed 19 lb. Avoirdupois, Exclusive of the outward shell oi* 
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crust, which was broken off in several pieces. Both these stones were in &p 
pearance like a pebble, and formed of different laminae. The greatest circum- 
ference of the stone taken from this mare was somewhat more than 26 inches ; 
that of Sir Henry Hickeys 28. 

Sir Henry Hickes’s horse was 22 years old ; and, for 11 or 12 years before he 
died, frequently was observed to be in yiolent pain ; but the mare, the subject 
of the present letter, though 1 6 years old, gave no signs of being in pain till 
about 3 months before her death, when she would frequently lie down, and roll 
about. And it is the more extraordinary that, large as the stone was, it did not 
disable the mare from doing her usual work for a more considerable time before 
her death ; which did not seem to be occasioned by the stone, she dying near 
her foaling time ; nor so far disturb her economy, as to prevent her propagating, 
her species. 

In 1746, the Duke of Richmond presented to the Society a stone found in 
the colon of a horse, the circumference of which was 16 inches. His Grace at 
the same time presented some other stones, found in the intestines of a mare, 
which were polished like bezoar. It was very remarkable, that 2 of these stones, 
when sawed asunder, were found to have been formed each on an iron nail, as a 
nucleus. 

XCVII. On the Belemnites.* By Mr. Gustavus Brander, F.R.S. p. 803. 

The belemnites is a fossil, that has hitherto perplexed the naturalists of all 
countries : it has been treated of by various authors, and differently ascribed to 
all the 3 kingdoms of nature ; but Mr. B. delivers it as his opinion, that it be- 
longs to the testaceous part of the animal kingdom, and to the family of the 
nautili. The nautilus, or sailor, is a concamerated shell, with a syphunculus 
running through every cell, 6ee pi. 14, fig. 5 . The syphunculus, and the 
concamerations, are the generical character of this tribe, and are supposed to 
serve the animal to buoy up its shell, by which means it can swim or sink at 
pleasure. 

Those that are curved are very common, both in the recent and fossil state ; 
the straight ones have hitherto only been met with fossil, and are common in 
Sweden, Livonia, and several parts of Germany ; and have, by naturalists, been 
called erthoceratitse j and Mr. B. had seen some in Dr. Mason’s private collec- 
tion at Cambridge, which he said were found at Whitby in England ; the cha- 

* The belemnites is in til probability a species of nautilus, and its inhabitant may be allied to that 
of other nautili $ and consequently resemble in some degree a sepia or cuttle, which by the older 
writers was often called a polypus. Linneus imagined it a petrifaction of the Alcyonium Lyncuriom. 
Mr* Brander' s notion of the testaceous tribe in general having proceeded from polypes,can only have 
arisen from his want of zoological information. 
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racter of which being exactly the same with the nautili, Mr. B. makes no scruple 
to class them together. 

Whoever will examine nicely bodies of any genera, will have a difficulty to 
say, where they begin, and where they end ; the gradation is so insensible that 
they must be bewildered. From the orthoceratitse, which is doubtless a species 
of nautilus, we gradually proceed to the belemnites. The orthoceratites is 
a straight concamerated shell, ending in a point; some of which are seen 
in stone 18 inches long. See fig. 6, 7, 8, Q, and l6. The nucleus, or al- 
veolus of the belemnites, is likewise a straight concamerated shell or body, 
exactly resembling the other in shape and structure, but of a smaller species, 
fig. 10 and 14 ; and, from the very great analogy, may reasonably be deemed to 
be of the same family. In the conic cavity of the belemnites, fig. 11, that con- 
tains the nucleus, it is very common to observe visible marks of a shelly sub- 
stance, as a further confirmation that the nucleus was a testaceous body. 

And now a word as to the belemnites itself, the counter part to the other. 
It has indeed been truly matter of speculation, how that huge solid substance 
called the belemnites, exclusive of the nucleus, could be formed ; and how it 
happens that some should have the nucleus within them, others not ; the cavity 
to contain the same in some very small, in others scarcely or not at all visible. 

These are the main difficulties, all which Mr. B. endeavours to elucidate ; but 
first acknowledges his obligation to Mons, de Peysonnel, and particularly to Mr. 
John Ellis, f.r.s. for their curious observations on the nature of coral, on which 
this latter part of Mr. B.’s hypothesis is founded. They have plainly demon- 
strated, that many bodies which we always took to be vegetable from their ap- 
pearance, are really animal, and constructed by the polype ; and that several co- 
ralline substances, hitherto reputed marine plants, are thick beset with a prodi- 
gious quantity of seedling-shells, too small for the naked eye to see, close by 
each other, as diamonds in a bodkin, ready to come forth in due time out of their 
several nests or cellules ; see Phil. Trans, vol. xlvii, p. 445, and vol. xlviii. p. 
115. Hence he'submits, if it is not highly probable that the testaceous tribe in 
general are generated like butterflies, and flies of all kinds, the one from a mag- 
got, the other from a polype ? Nay, it appears presumptive, that it must be so 
with a great many. On which circumstance he proceeds, that as corals in ge- 
neral, from late observation, seem to be constructed by polypi, what inconsistency 
then to believe them to be the primary state of all or most of the testaceous 
tribe ? If so, it is almost beyond a conjecture, that the body called a belemnite^ 
(which, on being put into acids, is found to ferment in like manner as coral, 
and other cretaceous bodies), is formed likewise by a polype, from which the 
nucleus seems to be the ultimate state. 
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And he further submits, whether this concamerated shell, or body, of which 
the belemnites is only the habitation, does not appear a strong voucher for this 
new hypothesis, by more immediately leading us into the connexion and manner 
of generation (perhaps particular to the testaceous tribe) by remaining within its 
nidus all its life ; whereas they generally quit them as soon as they are able to 
shift for themselves. 

The polype is an animal of the vermicular kind ; the bodies of some are long 
and slender, like a fine sinew or fibre, extremely tender ; and from the head 
proceeds a variety of claws, or arms, with which it catches its food, and prepares 
its habitation or chrysalis. They are without doubt of various shapes and tex- 
tures, according, as he supposes, to the species of the animal that is hereafter to 
proceed from them; and very wonderful it is, how so small, so delicate an ani- 
mal, should be capable of forming 60 large a body as the belemnites ! but is not 
every particular performance of nature equally the same to a diligent inquirer ? 
Some animals in the terrestrial part of the creation, naturally associate and herd 
together. Others again seek solitude. The same dispositions we find impressed 
on those of the aquatic system : then why not among the polypi ? as is evidently 
seen by the prodigious variety of coral bodies, where it seems in some as if thou- 
sands acted in concert together ; in others, where each acts for itself ; of which 
latter is the belemnites. 

The shape of the belemnites is generally more or less conical, terminating in 
a point, and of various colours, according to the juices of the stratum in which 
it lay : it has usually a seam or fissure, running down the whole length of it, 
sometimes filled with a cretaoeous substance. In some it is in the middle or axis 
of the body ; in others on one side. Its interior constitution seems composed of 
several conoid cortices, or crusts, which, when broken transversely, appear to 
proceed in striae or rays from the seam or centre ; which seam he takes to have 
been the habitation or cell of the animal in its polype state, and in which the 
body was affixed ; or perhaps serving as a syphunculus, in which was a ligament 
that proceeded from the nucleus in its perfect state. 

The crusts it is composed erf probably denote certain periods in the age of the 
animal; as the annual rings in a piece of timber, its age : but what those periods 
are, we are not acquainted with ; see fig. 11, 12, 13, 15. The animals of the 
testaceous tribe in general, as they increase in age, increase their shell in thickness 
till they have lived their stated time, or attained to good old age ; mid that is 
done by adding a new crust or lamina to it, as several, if not all the tubuli, the 
oysters, and the nautili, witness ; after which they become inactive and dull, the 
effect of extreme old age, suffering other marine bodies, as worms, oysters, &c. 
to penetrate and affix themselves to their outer coat. The like appearances we 
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frequently meet with on belemnitae, when the animal within was perhaps either 
waxed old, or was dead ; and is an additional proof that the body is of marine 
origin. 

Every one, who has made this part of natural history his study, must have 
observed, that the minutiae, or exceedingly small fossil shells, very frequently 
occur, and in the greatest abundance, especially in fine loam or clay proper to 
preserve them : which shows that it was spring or spawning-time when the de- 
luge overwhelmed the country they were natives of. And that diminishes one of 
the difficulties concerning the belemnites, why some have the cavity, others not, 
or but very small : for may we not attribute the -c several appearances to the dif- 
ferent ages of the animal ; as in the spring or spawning- time, and some time 
after, a thousand small fish appear in the water to one grown to maturity, or 
seedlings on the shores of shell-fish, to one at full growth ? and, from a parity 
of reasoning, is there not great likelihood to believe that every belemnites would 
have had a nucleus, if it had lived-; and to suppose that deficiency to be caused 
by the deluge coming on, in the early part of the season, in that spot w'here 
they are natives, before they had attained perfection ? 

The country of the belemnitae is unknown to us ; but there is great probability 
it is the same with that of the conch® anomi® in general, and ammonit®; since 
they are usually found together, and arc well supposed to be the inhabitants of 
deep or unknown! seas, beyond human reach. 

Having had so frequent occasion to mention the orthoceratit® in the course of 
this subject, they being here rare and uncommon fossils, Mr. B. has given the 
figures of some few species of them, which perhaps may not be unacceptable, 
N° 6, 7> 8, Q, l6. If it should be asked, whether they proceed likewise from 
a belemnites ? he answers, that he supposes them to proceed from a polype like 
the rest, but whether their parent polype formed itself a belemnites-like chrysalis 
or habitation, being a stouter animal, is more than he can affirm, though very 
probable, as the terminating point in them is as sharp and fine as the nucleus of 
the belemnites ; and it is observed, that all the turbinated shells increase their 
circumvolutions from the point or apex ; but that is not the immediate business 
of the present purpose, as nature has many ways to compass her ends. His tie- 
sign will be answered, if it shall only be thought, that he has evinced the be- 
lemnites to be an animal production, formed by a polype, as other coralline 
bodies ; and its nucleus to be a concamerated testaceous body, of the nautili 
genus, proceeding from it. 

Description of the Plate 14. 

Fig. 5. A section of a common nautilus. 6, 7, 9, ld> Sections of ortho- 
ceratit®. 8. An orthoceratites entire. 10. A section of a belemnites, with the 
nucleus. 11. Ditto, without the nucleus. 12. An oblique section of a belem- 

vol. x. 4 A 
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ftites, to show the inner stucture. 1 3. A belemnites without a cavity, only a small 
perforation. 14. A nucleus of a belemnites. 15. A belemnites, with a very 
small cavity. 

XCrilI. On the Agaric, applied after Amputations, with Regard to deter- 
mining its Species . By Mr. William Watson , F, . R. S . p. 8 1 1 . 

The agaric applied as a styptic after amputations, and which had been 
brought from France, Mr. W. did not believe to be the common agaric of the 
oak, as had been imagined by the French surgeons. What is called the com- 
mon agaric is a parasitical plant, found growing on the oak, and on several other 
trees; and is denominated by Caspar Bauhin, fungus in caudicibus nascens, 
unguis equini figurA ; of which touchwood or spunk, and the amadoue ordinaire 
of the French, is usually prepared. He thought it impossible, by any process, 
to prepare from the common agaric a substance perfectly similar to the French 
agaric, which should exactly answer the description, which Breynius (Ephem. 
Nat. Curios. Ann. 45, obs.' 150) gives of the fungus coriaceus quercinus 
haematodes. 

Mr. Ray, in his Synopsis Stirpium Britann. on the authority of the late Dr. 
Sherard, says, that this fungus coriaceus quercinus haematodes is found on putrid 
oaks in Ireland, where it is called oak-leather; and that the country people there 
collect and preserve it to dress ulcers with. Dr. S. makes no doubt but that it 
may be found in England; and Mr. Ray had some sent him from the late Dr. 
Eales in Hertfordshire. Dr. Richardson, in Yorkshire, found it growing on the 
ash; and Dr. Dillenius observes, that in Virginia it is used as leather, to spread 
plasters on; and that, besides its being a soft substance, sitting easy on the af- 
flicted part, it has a healing property. 

XCIX. Two Letters concerning the Use of Agaric, as a Styptic. Letter 1. — 
From Mr. J. Warner, F.R. S. and Surgeon to Guys Hospital, p. 813. 

In the first of these letters Mr. W. states that he had received from Mr. 
Fellowes, an account of the styptic effects of the agaric, hi a case under the 
care of Mr. Gooch, and that he (Mr. Warner) had continued to use the same 
application with the greatest success. 

Letter 2. — Addressed to Mr. Warner by Mr. B. Gooch. — After returning 
thanks for the agaric of the oak, which he had received by Mr. Fellowes, the 
writer of this letter proceeds to give an account of the effects he had observed 
from it. Two or 3 days after Mr. G. received it, he was desired by an ingenious 
aurgeon to be with him on business. He carried some of the agaric with him, 
and he was pleased with the opportunity of trying it in an amputation below the 
knee of a boy of about 10 years old. They applied it according to the direc- 
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tions given by Mr. Warner in his book, and tlie bsemorrhage Was entirely 
stopped in 6 minutes. He informed him that, on the 5th day inclusive, the 
dressings and agaric came all off without force, and left die stump in a good 
digested state, without the least appearance of blood ; and that the pain, in con- 
sequence of the operation, did not require an anodyne. He cut a boy for the 
stone the same day, and a vessel bleeding rather more than is thought allowable, 
he applied a very small piece of the agaric, and a soft dossil of lint over it; 
which, with gentle pressure of the finger, restrained the bleeding in less than ft 
minute. His own patient, aged near 70 , on whom he made trial of it, in am- 
putating his leg below the knee, appeared as proper a subject to establish the 
credit of this new styptic as could be produced, if it failed not in its efficacy ; . 
there being in him a great depravation of the fluids, and a general relaxation of 
-the solids; and he had an ulcer on his leg, of the phagedenic kind, of many 
years standing, attended with carious bones. Under these discouraging circqua- 
atances he applied to Mr. G. about a month before, and begged of him to take 
off his leg; the pein, he 6aid, being so violent and continual, that he knew not 
how to live with it; and though he thought him a very had subject for the 
operation, yet he did not care to deny his mo6t earnest request, seeing no other 
possible means left of affording relief in his miserable condition. Considering 
the rigidity of the fibres in an old person, and that- their natural contractile 
power, evident in the division of an artery, must be greatly weakened in this 
ca6c, Mr. G. was afraid, that the agaric, if it should answer, would not act so 
expeditiously as it did in the ether; and that probably they might meet with 
much more difficulty in restraining the haemorrhage. Therefore, to assist it all 
he could, he tacked it to thick compresses of lint with pieces of card in the 
middle, thinking by that means he could apply it more readily, and keep it in 
stronger and closer contact with the mouths of the vessels, if he should find it 
necessary; for he was very solicitous for the support of ks credit and reputation, 
his own being connected in some measure with k, and the patient’s welfare also 
depending on it. He applied most of the pieoes without being under a necessity 
of having the tourniquet-ligature slackened, to show the mouths of the vessels; 
then covered the stump thick with lint, applied a pledget of tow spread with 
common digestive over it, and over that a circular piece of stiff paper, to make 
the pressure of the palm of the hand more equal. This done, after 3 or 4 mi- 
nutes he desired his assistant to slacken the tourniquet-ligature; on which k 
bled at a great rate, and made some of his brethren soon imagine, and declare, 
they thought it would not do ki this case. Mr. G. was not without the some 
fears; but went on with resolution, and every thing was conducted without hurry 
or confusion. He -desired to have the tourniquet-ligature let quite loose, in . 
order to remove, os much os possible, all impediment to the reflux of the blood, 
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and made a strong compression at the end of the stump, on which the bleeding 
almost intantly abated, which was totally stopped in about half an hour after; 
and, in the whole, he believed he did not lose more than 12 oz. of blood. Now,, 
apprehending that the circular structure of the common bandage, as usually 
applied, might produce the same inconvenience, which he observed arose from 
the tourniquet-ligature before it was quite loose, if no other attended it, having 
strong suspicions of tight bandage doing much mischief; he therefore only put 
several strips of common plaster, about an inch broad, over the piece of stiff 
paper at the end of the stump, to meet and lap over at the top of the knee 
when bent, and then slipped on a barber’s woollen cap; which method seemed 
to answer the purpose very well in this, as he had found it do in some other 
amputations. A physician, and 4 surgeons of eminence, who were desirous of 
seeing the effect of the agaric, were present at the operation. Four days after 
he opened the stump, but took away no more of the dressings than what were 
loose, among which were 2 or 3 pieces of the agaric, without any signs of fresh 
bleeding, or visible pulsation at the ends of the arteries. Two days after he 
dressed it again; the stump then appeared well digested all over, and had a much 
better aspect than could reasonably be expected in such an unpromising subject; 
and appearances were so favourable as to give hopes of his recovery, though he 
was not without distant fears, which he was guarding against as mueh as possible. 

C. Extract of a Letter from Mons. Bonnet , F. R. S. of Geneva , to John Cle- 
phane, M. D., F.R. S . Translated from the French . Dated Geneva , June 3, 
1754. p. 818. 

The inoculation of the small-pox continues to be attended with the greatest 
success in our city. Of 70, who were inoculated, there was not one in any 
danger. Lausanne has been as it were forced to imitate us; and we hope, that 
this excellent method, which we received from England, wiH spread itself from 
one place to another, for the good of mankind. Mobs, de la Condamine has 
read to the Royal Academy of Sciences at Paris a dissertation on this subject, 
which was greatly applauded. But I presume, that the French will be a long 
time in adopting the practice of inoculation^ The clergy there throw a terrible 
obstacle in its way. 

CI. Extract of a Letter from Constantinople , of the l6th September, 1754,. 
from Murd. Mackenzie, M. D. concerning the late Earthquake there, p. 8I9. 

On the 2d instant we had a terrible shock of an earthquake* about 4 after 9 
at night, which moved from east to west, and has done a great deal of mischief 
here, and in the neighbourhood. I shall only mention what I have seen. 

Four of the 7 towers are much hurt; one of them, which is an octagon, has 
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2 of its sides thrown down from top to bottom. It is 9aid several of the Jani- 
saries, who were on guard there, are killed. The 3 other of the 4 are much 
shattered, and part of the walls fallen down. All the turrets, on the city wall, 
from the 7 towers to the Adrianople-gate, are much shattered, though none 
fallen; all the cupolas of the portico of Sultan Mahomet the lid’s mosque are 
thrown down; the Sickergee Han, a strong stone building near the above mosque, 
is quite destroyed : some part of the wall of the Cara Han is thrown down ; one 
bagnio is quite fallen, and many people said to be destroyed in it. The Cautir- 
ligee Han is quite down; and the Vizir Han much shattered; 7 minarets (co- 
lumns from whence the people are called to prayers) of small mosques are thrown 
down; the mosque called Little Santa Sophia is much damaged, and the prison 
of Galata is quite down, and all the prisoners buried in its ruins. There lias 
been much damage done at Balat, a large suburb, Scutari, and on the canal; 
and there are bad accounts from Nicomedia, but none well avouched. There 
have been several small shocks felt since, but none have done any harm. Some 
say there were 2000 people destroyed by this calamity, in the town and suburbs; 
some 900 ; and others reduce them to about 60, who, by what I have seen, are 
nearer the truth. 

The shock at Smyrna, in the year 1739> which I also felt, was much stronger. 
On the 6th, about 9 at night, there appeared a cloud due west, when it began 
to lighten and thunder, and the thunder continued, without any interval, till 
half an hour past 10, moving gradually to north-east, where it ceased, and the 
night was very serene and calm after it. About 10, when the thunder was north 
of us, it rained for a quarter of an hour very heavily, then became clear, and 
all the stars appeared. Such a peal of thunder I never heard in any country; 
for I can aver, that it did not stop a minute in an hour and a half's time. 

Another letter, dated Oct. 1, says, that a Tartar was arrived express from 
Armenia, in 20 days, with advice, that the city of Sivas, one of the Sebastias 
of the ancients, was quite destroyed by an earthquake, on the same night, in 
which that was felt at Constantinople; and that a lake of fresh water is risen 
where the town sunk. The earthquake was felt at Angora and Smyrna, but 
there was no notice that, they had felt any thing of it at Aleppo, though there 
were letters from it about that time. 

CII. Extract of a Letter from Camillo Pademi, Keeper of the Herculaneum 
Museum , to Thomas Hollis, Esq. relating to the late Discoveries at Hercula- 
neum. Dated Naples , Oct. 18, 1754. p. 821. 

The first thing here discovered was a garden, in which were found several 
marble statues of excellent Greek artists. This route led towards a palace, 
■which lay near the garden. But before arriving at the palace, they came to a 


Digitized by ^mOoq Le 



550 PHILOSOPHICAL TB AH SAC TIONS. {anHO 1754 . 

1 

long sqnare, which formed h kind of forum, and was adorned throughout with 
columns of stucco; in the mkklle of which was a bath. At the several angles 
of the square was a terminus of marble, and on every one of those stood a bust 
of bronze, of Greek workmanship, one of which had on it the name of the 
artist, AFIOAAXINIOE APXIOT A0HNAIO2. A small fountain was placed before 
each terminus, which was constructed in the following manner: level with the 
pavement was a vase to receive the water, which fell from above; in the middle 
of this vase was a stand of balustrade work, to support another marble vase. 
This 2d vase was square on the outside, and circular within, where it had the 
appearance of a scallop-shell; in its centre was the spout, which threw up the 
water, that was supplied by leaden pipes inclosed within the balustrades. Among 
the columns, which adorned the bath, were alternately placed a statue of bronze; 
and a bust of the same metal, at the equal distance of a certain number of palms. 
Seven statues were taken out from April 15 to September 30, near the height of 
6 Neapolitan palms, except one of them, which is much laiger, and of an ex- 
cellent expression. This represents a lawn lying down, winch appears to be 
drunk, resting on the goat-skin, in which they anciently put wine. Two other 
of these statues are of young men, and 3 of nymphs; all of middling work- 
manship. September 27, I went myself to take out a head in bronze, which 
proved to be that of Seneca, and the finest that has hitherto appeared, being as 
excellent a performance as can well be conceived. Our greatest hopes are from 
the palace itself, which is of a very laige extent. As yet we have only entered 
into one room, the floor of which is formed of mosaic work, not inel egant. 
It appears to have been a library, adorned with presses, inlaid with different sorts 
of wood, disposed in rows; at the top of which were cornices, as in our own 
times. I was buried in this spot more than 12 days, to carry off the volumes 
found there; many of which were so perished, that it was impossible to remove 
them. Those, which I took away, amounted to the number of 337, a 11 of 
them at present incapable of being opened. These are all written in Greek 
characters. While I was busy in this work, I observed a large bundle, which, 
from the size, I imagined must contain more than a single volume. I tried with 
the utmost care to get it out, but could not, from the damp and weight of it. 
However I perceived, that it consisted of about 1 8 volumes, each of which was 
in length a palm and 3 Neapolitan inches; being the longest hitherto discovered. 
They were wrapped about with the bark of a tree, and covered at each end with 
a piece of wood. All these were written in Latin, as appears by a few words, 
which broke off from them. I was in hopes to have got something out of them, 
but they are in a worse condition than the Greek. From the latter the public 
will see some entire columns, having myself had the good fortune to extract 2, 
end many other fine fragments. Of all these an account k drawing up, which 
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will be published together with the other Greek characters, now engraving on 
copper-plates, and afterwards make a separate work by themselves. At present 
the monk, who was sent for from Rome, to try to open the former manuscripts, 
has begun to give us some hopes in respect to one of them. Those which I 
have opened, are philosophical tracts, .the subject of which are known to me; 
but I am not at liberty to be more explicit. 

CHI. Extract of a Letter from Sir James Gray , Bart, his Majesty's Envoy to 

the King of Naples , relating to the same Discoveries at Herculaneum. Dated 

Naples, Oct. 2Q, 1754. p. 825. 

Several curibus and valuable things are daily found in the mine of antiquities 
at Portici. They have lately met with more rolls of papyri of different lengths 
and sizes, some with the umbilicus remaining in them ; the greater part are 
Greek in small capitals. The Canon ico Mazocchi, who is much esteemed for 
his learning and knowledge of antiquity, is employed in copying and explaining 
5 entire columns, that have been lately unrolled off one of the papyri, which 
gives some hopes of further discoveries. This manuscript treats of music and 
poetry. The Epicurean philosophy is the subject of another fragment, a small 
bust of Epicurus, with his name in Greek characters, was found in the same 
room, and was possibly the ornament of that part of the library, where the 
writings in favour of his principles were kept; and it may also be supposed, that 
some other heads of philosophers, found in the same room, were placed with the 
same taste and propriety. 

Last week were found 2 fine bronze heads, of excellent workmanship, one of 
Seneca, and another of a captive king. The king spares no expence in reco- 
vering and preserving these valuable remains. In order to satisfy the curiosity of 
the public, he has ordered a catalogue to be printed, with some designs of the 
principal statues and paintings, which will be published soon. A more exact ac- 
count of these discoveries will some time or other be given by Monsignor Baiardi, 
who, in 3 large 4to volumes already printed, has not finished his introduction. 

CIV. Of some Trials to keep Water and Fish sweet, with Lime-water. By 
Stephen Hales, D. D., F. R. S. p. 826. 

Dr. Alston, of Edinburgh, had found, that the small proportion of a pound 
of slacked lime to a hogshead of water, stirring it, effectually preserved the water 
sweet, not only in a glass or earthen vessels, but also in a new oaken vessel. 

April 9, Dr. Hales put into a 7 gallon cask of water, in the proportion of a 
pound to a hogshead, some white marble lime; which was what they call sweated, 
that is wrapped in dung, without which sweating, it is said, that it will not be 
reduced to lime. — April 26. It had some taste of the wood, and a small degree 
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of ill smell, which being something more so on July 27, it was then poured 
away. 

July 15, He put into an 18 gallon cask 18 ounces of unslacked stone-lime, 
made of very hard stone of the Clee-hills in Shropshire; that is, in the propor- 
tion of 4-j- lb. of lime to a hogshead of 72 gallons. — June 25, the water was 
sweet, but had a disagreeable taste of the cask, and continued the same Aug. 
24 ; but Oct. 1 7 the taste was something worse. And, Nov. 1 2, there seemed 
to be a very small degree of a putrid smell and taste. But the prevailing dis- 
agreeable taste was from the wood of the cask, which discoloured the water in 
some degree. 

He put also into a 9 gallon cask 2 ounces of the same unslacked stone-lime to 
a gallon ; which was in the proportion of 9 pounds to the hogshead, and found 
it much the same all along as the former. 

. With chalk-lime, in the proportion of 2 lb. to a hogshead, it soon stunk 
much, and continued so to do for 4 months. This was Thames water, taken 
up below London-bridge, which is well known to grow sweet again, after having 
stunk for some time. So that chalk-lime (almost the only sort in use here), will 
not preserve water from putrefaction; though stone-lime, as Dr. Alston has 
happily discovered, does preserve water in a great measure from the great de- 
grees of putrefaction it is subject to, and therefore may be very serviceable 
at sea. 

Being informed, by one who had been in the East Indies, that native mineral 
sulphur had been found to keep water sweet there in earthen jars, at land, and 
also at sea. April 2, he put into a kilderkin, or 18 gallons of pure pond water, 
a pound of native mineral sulphur, in 7 lumps. April 2 6, sweet. May 3, be- 
gan manifestly to stink. May 7, stunk much, and was poured away. 

May 8, the kilderkin being scalded, and made sweet, it was filled again with 
the same pond water, and 6 lb. of native mineral sulphur put into it. July 2 7, 
it was sweet. Oct. 17, it was discoloured, and somewhat in a small degree fetid. 
Nov. 12, the same. Hence native mineral sulphur may be of service to preserve 
water from great degrees of putrefaction at sea. 

Dr. Alston having written that he found fish would continue sweet in lime- 
water for 7 weeks and more. April 19, Dr. H. put 4 gudgeons into white 
marble lime-water. May 10, they were sweet; but on boiling one of them, the 
flesh, though sweet, was reduced to be soft pap. 

And Mons. Clairaut, who was at Lapland, to measure a degree of the earth, 
told Dr. H. on this occasion, that the fish, which they there kept long dried, 
were thus pappy when boiled, but not unwholsome. May 22, they smelled 
sweet, and were firm to the feeling; but on boiling one of them, it dissolved 
away like anchovy. June 12, another of the gudgeons, though sweet and firm 
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to the touch, being put into new-made stone lime-water, which was cnly milk- 
warm, dissolved also, and the bones of .the head were rotten and brittle. 

June 18, two small eels, skinned, were put into stonq lime-water. June 22, 
one of them, .which was firm to handle, when boiled was soft and pappy. June 
25, the other eel was the. same when boiled. 

In order to try .whether the lime, which adhered to, or had soaked into, the 
flesh of the fish, which had lain in lime-water, had the quality of thus dissolving 
the texture of the flesh in boiling, Dr. H. boiled a small eel, and a morsel of 
mutton, for 10 minutes, in stone lime-water, when they were boiled enough, 
and were of a due degree of firmness, and not pappy. A like eel, boiled in well- 
water, was boiled enough in 5 minutes. Hence it appears, that the lime does 
not, in boiling so short a time, dissolve the texture of the flesh into a pap, 
which must therefore be the effect of unfetid putrefaction. 

But lime-water made of chalk lime has very little of an antiseptic quality. 
For last year, in the month of May, he put some gudgeons, and an eel, into 
our common lime-water, and in 7 days boiled one of the gudgeons, but found it 
too putrid to eat. After 28 days he boiled another, and it dissolved almost into 
insensible parts; which shows, that it was much putrefied. 

. Dr. Alston likewise informed him, that he put a piece of veal in pounded or 
slacked stone-lime, which in a week became tough and dry. Dr. H. put a piece 
of veal, from half to three-quarters of an inch thick, into chalk-lime, on May 
the 1,0th, and on the 3 1st of the same month it had a putrid smell, and was in 
the middle red and raw, with a thin hard outside. 

. Having communicated these experiments to Dr. Pringle (whose trials having 
been made with chalk lime-water, which is in common use here, agreed with 
the last of mine), he observed, that the difference between stone lime-water and 
chalk lime-water, might probably consist in this : the chalk, before calcination, 
being a highly septic substance,* if some of its particles were not fully calcined, 
these, by mixing with the water, would impart to it some degree of a putre- 
fying quality, contrary to that virtue the water receives from such parts as are 
sufficiently burnt. That the same would be the case of shells, also septics; and 
therefore that the lime-water, made either of chalk or shells, would prove more 
or less antiseptic, or even continue septic, according to the degree of calcination. 
He .added, tliat as all his experiments, relating to the antiseptic quality of lime- 
water, were made in a furnace heated to the degree of human blood, a circum- 
stance which he had marked in his Observations,'!' the uncalcined parts of the 

* Observ. on (he Diseases of the Army, 1st ed. p. 390. — Orig. 

•f To one of the experiments preceding (hat on the lime-water, the author subjoins the following 
note: “ All the following experiments, whether made in the lamp furnace, or by the* fire, were in 
sMlegree of beat equal to that of the human blood, viz. 100° of Fahrenheit's scale." p. 383. — Orig. 
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lime- would in that state become more active m promoting {Mstre&efcioa, than 
wfien the trials were made i« cold water. 

And indeed it must be owned, that when any experiments are made on medi- 
cinal substances out of the body, the nearer we can make them to the heat ot 
the blood, and to other circumstances those substances most undergo io the first 
passages, the mope just the inferences will be, that are drawn from those ex- 
periments. 

In regard to that qualify of lime-water, in preserving fish longer sweet than 
flesh. Dr. Pringle took notice;, that he doubted it was a common mistake to ac- 
count fish a more corruptible substance than the flesh of land animals. For 
though, fish might become sooner stale few eating than moat flesh meats, yet 
float fish did not so soon rise to a sank degree of putref action a» flesh.; axxL there- 
fore that the former would be kept longer tolerably sweet than the latter by any 
kind of antiseptic. 

CV, Med&eal and Chemical' Observations on Antimony. By Jbh* Mm ham* 

M. D. t F.R.S, p. 833. 

In the present advanced state of pharmaceutical chemistry, it is deemed unne- 
cessary to reprint this long paper on the different preparations of antimony. Dr. 
E psrticuteriy recommends his so called essence of antimony, or vimim an*i>- 
moniate, prepared by infusing either toe glass of antimony or regulus of anti- 
mony itv white wine. This be p r efe r red to every ether antbnonial medicine. 

CVI. Of A fr. Samuel TulF* Method of Castrating Fish, Gommunumted by W. 

Watson, F.R.S. p. 87 CV 

Several yean since, Mr. Tub of Edmonton performed toe operation of cas- 
trating fishes, before Sir Ham Soane, Bart, and several members of toe Royal 
Society, who mot at Sir Hans- house for that purpose. About 9 or 6 years ago 
ho performed the same operation in presence of our late president Mr. FoBces, 
and others. 

In England, where in many parts sea-fish are in great plenty, the fish of 
rivers- and ponds are less esteemed; and improvements, either with regard to 
their bulk or increase, are less attended to; but m Germany, remote from the 
sea, where pond-fish are a great article of traffic, Mr. Tulfs method may be of 
great use. 

Mr. Tull says that he castrates both the male and female fish; and that, 
although almost any time is proper for the operation, the least so is just after they 
have spawned, as the fish then are too weak and languid to bear, with success, 
so severe an operation. The moat eligible time however is. when the ovaries of 
the female have their ova. io. them, and when toe veraete of toe npk^ ai»»w«gy«»a 
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to these, hswe their seromal matter in thetn ; ibasumch ms mt this time these 
vessels are more ■easily distinguished from the ureters, which convey the mine 
from the kidneys into the bladder, and are situated near the seminal vessels on 
each side of the spine. These may, without Sufficient attention, be taken for 
■the ovaries $ and the more so, when these la6t are empty. When fishes have 
spawned a few weeks, they are fit for the operation ; for, like hens, they have 
small eggs in their ovaries as soon as they have laid their former clutch of eggs. 

When a fish is intended to be castrated, it must be held in a wet doth, with 
its belly upwards ; then with a sharp pen-krafr, with its point bent backwards, 
or other well-adapted instrument, the operator cuts through the integuments 
of the rim of tike belly, and in doing this he carefully avoids wounding any of 
the intestines. As soon as a small aperture is made, he carefully inserts a hooked 
pen-katfe, and with this he dilates this aperture from between the two fore-fins* 
almost to the anus. From the back of this instrument, bong blunt, the danger 
of wounding the intestines is avoided. He then, with two small blunt silver 
hooks, of 5 or 6 inches long, by the help of an assistant, holds upon the bdly of 
the fish ; and, with a spoon or spatula, removes carefully the intestines from one 
side. When these are removed, your see the ureter, a small vessel, nearly in 
die direction of the spine ; and at the Same time the ovary, a larger vessel, lying 
before it, that is, hearer the integuments of the belly. This last vessel you take 
up with a hook of the same kind with those before mentioned, and detaching it 
from the side far enough for the purpose, divide * it transversely with a pair of 
sharp scissars ; remembering always, that great care is taken in not wounding^ 
or otherwise injuring, the intestines. After one of the ovaries has been divided, 
proceed in the like manner to divide the other ; and then sew up the divided in* 
teguments of the belly with silk, inserting the stitches at a very small distance 
one from the other. 

Mr. Tull first put this method into practice, in order to prevent the excessive 
increase of fish in some of his ponds, where the numbers did not permit any of 
them to grow to an advantageous site. But from castration the increase was not 
only prevented, but the castrated fish, as Mr. Tull asserts, grew much larger 
than their usual size, were more fat, and, which is no trifling consideration, 
were always in season. 

He observes further, that the pawning time is vety various : that trouts, for 
instance, are full about Christmas ; perch m February ; pikes in March ; and 
carp and tench in May. You mast always, however, make some allowance for 
dimate and situation, with regard to the spawning of fiSh. And, from a very 

• Mr. Tull lias frequently, to prevent die re- union of the divided ovaries, by which the effect of 
the operation might be defeated, taken out part of them, and yet the tub have survived. — Orig. 

4 B 2 . 


Digitized by Google 



556 PHILOSOPHICAL TRANSACTIONS. fANNO 1754. 

diligent attention, he assures that he has been able to settle a point much contro- 
verted by naturalists, in regard to the copulation of fishes. The most generally 
received opinion has been, that they did not copulate ; but that the female did 
cast her spawn in the water, and that then it was fecundated by the spermatic . 
matter of the male. Mr. Tull, in contradiction, to this hypothesis, asserts, that 
he has frequently seen fishes in actual copulation ; and that this is generally done 
before the ova arrive at maturity. 

After Mr. Tull has castrated his fish, they are put into the water where they 
are intended to continue. He makes no particular appropriation, neither with 
regard to the ponds into which they are put, nor does he give them any particu- 
lar nourishment; but they take their chance in common with other fish, as 
though they were not castrated. And he remarks further, that if tolerable care 
is taken, very few fish die of the operation, when performed in the manner 
here described; though heretofore, when, instead of the belly, he made the 
opening in the sides of the fish, numbers died, from his wounding the intestines, 
and frequently dividing the ureters. 

CVII. An Attempt to point out, in a concise Manner, the Advantages which 
will accrue from a Periodic Review of the Variation of the Magnetic Needle, 
throughout the hnoivn IVorld ; addressed to the Royal Society, by Wm. Moun- 
taine and James Dodson, Fellows, and requesting their Contribution thereto , 
by Communicating such Observations concerning it, as they have lately made , 
or can procure from their Correspondents in Foreign Parts, p. 875. 

About the year 1700 , Dr. Halley having collected together many observations 
on the variation of the needle, in several parts of the world, drew (on a mercator 
chart) certain lines, showing the quantity of that variation, in those parts of the 
world, over the representation of which those lines were drawn ; but as the quan- 
tity of this variation is in a perpetual state of fluctuation, in perhaps every part 
of the world, it had been so much changed in the space of about 40 years, that 
when the writers of tins paper endeavoured, about the year 1 744, to draw on it 
other lines to answer the purposes above mentioned, they found that those laid 
down by Dr. Halley were grown entirely useless ; and that a system of such 
lines, or something analogous, should be performed once in every 10 or 11 / 
years at least, in order to answer the purposes intended by that gentleman. 

In the reconstruction of them, the writers received the assistance of the com- 
missioners of the navy, and of the directors of the East-India and African com- 
panies, having leave to peruse the journals of those mariners which were under 
the direction of each respective body ; from these, and a few private communica- 
tions, they were, enabled to draw the proper lines over the most frequented seas, 
and to make some attempts toward doing the same in those least so; a copy of 
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the chart, thus again rendered useful, they presented to the b. s. with an account 
of the methods used in performing the same. 

Though the most beneficial use of these lines belongs to the sea, yet if they 
coukl be extended over the land likewise, the advantages arising would more than 
compensate the trouble, as will appear by taking a short view of each. 
f And first, the use of these lines at sea may be considered either as common to 
the art of navigating in all large bodies of water; or as particular in some such : 
the general use being that of steering the true course designed, and finding the 
ship’s true place, as near as may be, by what the mariners call the dead reckoning. 

The particular uses will be best explained by examples : for instance, in the 
southern parts of the great' Atlantic ocean, beginning with the coast of Brazil 
and Patagonia, and proceeding to the south of the Cape of Good Hope into 
the Indian ocean, ■ as far as the common tracks of our East-India ships extend, 
the variation lines have appeared to be, for the most part, directed northward 
and southward: whence, in most places of that great body of waters, if the lati- 
tude and variation be found by celestial observations, the longitude will be ob- 
tained by the lines on the chart ; the great usefulness of which has been attested 
to the writers, by many persons who have, successfully to themselves, practically 
applied the last constructed chart, to correct their dead-reckoning on that long 
passage. 

Indeed, where the variation lines run nearly eastward and westward, as has 
appeared in the Atlantic ocean, from the west coast of Europe to the east coast 
of North America, no assistance toward obtaining the longitude can be derived 
from them ; but as it frequently happens, within those limits, that meridian ob- 
servations, for determining the latitude, cannot be obtained, especially about 
Newfoundland ; then, if a good observation of the variation can be Liken, at 
any time of the day, the latitude may be nearly ascertained by the lines on the 
chart. 

Secondly, the advantages that will arise by extending the variation lines over " 
the land, as well as sea, will be the confirmation of those drawn over the waters; 
the continuation of which, from sea to sea, will be thus conspicuous, and we 
shall be enabled to judge better of their nature, properties and causes ; and if the 
same can be extended over all the parts of the known world, the eye will be 
presented, at one view, with the different degrees of attraction, with which all 
the parts . of this great magnet are endued, at the time when such lines are 
drawn ; this the writers would have attempted to do, in the year 1 744, if they 
could have procured a sufficient number of observations for that purpose ; but 
though they frequently advertised their request, in the public papers, no assist*, 
ance was obtained. 

As the writers have by experience found, that the proper period for re-examin- 
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ing tke state of the variation, fe wow «ft hand, without which the Above-men- 
tioned valuable advantages of the chart will be lost to the mariner 5 they have 
determined to collect end compare aH the observations that nan be ’procured by 
them, in the space of a year from tins time, or so long After as the return of the 
East- India ships then next following ; if such delay should become necessary, by 
the arising of any doubt in consequence of such comparison ; and then to publish 
the result of their process, in such a manner as shall seem most cowvenient. 

Several of the learned and .ingenious have endeavoured to account for this 
phenomenon of the variation of the magnetic needle, and its continual mutation ; 
whence dk&rent methods of computation have been proposed, by winch they 
have endeavoured to determine what the quantity of the variation, according to 
their several hypotheses, will be at any given place and time: the Above propo- 
sition therefore will, if carried into execution, bring these severally to the test, 
and enable the judicious either to approve or reject them ; the writers being de- 
termined to publish nothing which shall not be warranted by the real observa- 
tions, which shad come into their hands, and shall leave the application to others: 
if my of them should be so for confirmed, by this eRamination and comparison, 
as to give just ground for a calculation, their labour will be at an end 5 but if 
not, they humbly recommend the continuance of such a periodic operation, as 
they now propose to undertake, being the only means of attaining such a desirable 
event, and of supplying the defect till it can be obtained. 

END OF THE FOHTY-EIGHTH VOLUME OF THE OHlGlNAW 


Art. 1. On the Pressure of Weights on Moving Machines . By Christian Hce y 
Professor of Mathematics and Experimental Philosophy in the Marine Insti- 
tution cf Copenhagen. From the Latin. Vol. XLIX. p. 1. 

Let fig. 9, pi. 1 1 , represent an axe-m-peritrochio. Let a be the moving power ; 
its distance from the centre of motion a ; also b the weight, b its distance from 
the centre ; and c the radius of the axis where the friction is. Farther, left u 
denote the Weight of the machine, and d the distance of the centre of the forces 
from the centre of gravity, ft is required to find the pressure 00 the axis, who; 
the descending power a actuates the machine. 

if now the pressure arising front the descending power a, or that fay which 
the thread is stretched at the side a, be called *; then, by the equality of action 
and re-action, the pressure or tension at the other side (3 will be = hence the 
whole pressure, -exclusive of the weight of the machine and cord, will be = * + 
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— S 9 (l+j-)*» Let now the constant ratio of the pressure to the friction be 
that of 1 to /» ; then the friction will be (1 -f i)^ ; and the momentum of this 
friction = (1 + f) : hut the momentum of the friction from the weight of 
the machine is = mc/x ; which added to the former momentum, gives ((1 -f 
ir -f m) ef* : hence the momentum of the moving power is ^ aq — vb — ((t 


+ £-) *■ + m) cy.. But since the momentum of inertia is ao* + *£* +■**<?; 

a« — — ((i + J-) # + m ) c/* 

therefore the accelerating force will be = — b&< ^ r ; and for 

the acceleration of the point », or of the moving power a, it will be, by the 

4«*~ Bttf — ((1 + j) » + *) ««* 

principles of mechanics, loMTa F ’ -f W5 ~ X t ^ a where it denote*' 

the element of the time* and * the' element of the velocity. But if a should: fall 
freely, it would be - / as a And since the increments or decrements! of velor- 
cities, generated in the same particles of time in the same body, are as the ge- 
nerating forces, therefore ~t : 7 — c :: A : die force generating the decrement of 
celerity / — ' c , which is the same force that retards the fell of the body, stretches 
the string, and presses on the side « ; hence, substituting for the values, we 

ao* — tab — ((1 + j) • + m) acft> 

have the following analogy 1:1 - a - + B &. :: a : *• ; there-. 

AS** + AMrf* + ABO* + ((1 ■*£•>* + u) 44Cf* 

fore * + & +"i5P — * — ■ ■■ « * ; from which equation is found 

ab** + Aui 1 4 ? a tab + amocja j 

or sk — ■ - ■ ■ " , ana 

+ »** + (1 + j}*0Cp 

AB ab +AM rf* — + ABO* + AH 

— s , , , and the whole pressure 

* 44* -b B** + *d* -*• 0 + f ) AQ< 4* 


ir yt 5B3 


AB (♦+ b)/* + AM (* + OOf*) . f 1 + y-> 


AS* Hr *** + *<p — (t + \ )- 

if now we should exclude the friction and the weight of the machine, we 
should have die whole pressure m And i£ as is the esse in the 

pulley, we suppose a = the whole pressure will be = = 
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//. Investigation of a General Rule for the Resolution of Isoperimelrical Pro - 
Hems of all Orders. By Mr. Thomas Simpson, F.R.S. p. 4. 

The different species of problems comprehended under the name of Isoperi- 
metrical ones, are of much greater extent than the name imports; since, not 
only the determination of the greatest areas and solids, under equal perimeters 
or bounds, whence the name is derived, but whatever relates to the maxima and 
minima of quantities depending on a line, space, or body, of which the figure 
is unknown, is by mathematicians included under that denomination. But not- 
withstanding the usefulness and great extent of this subject, nothing had been 
done in it further than the resolution of certain particular cases (such as finding 
the line of the swiftest descent, and the solid of the least resistance), till the ce- 
lebrated mathematician Mac Laurin, in his treatise of fluxions, gave the investi- 
gation of an elegant and very easy method, by which the principal problems 
belonging to the first order may be resolved. 

The paper Mr. S. now lays before the Society contains further improvements 
on this subject ; as it is by far more general than any tiling yet offered, and is 
drawn up with a view to obviate the difficulties attending the resolution of a very 
intricate kind of problems, and thus to open an easy way to some very interest- 
ing inquiries in natural philosophy. But instead of reprinting the calculations, 
it will be better to refer to p. 98, &c. of the author’s Miscellaneous Tracts in 
4to, published 1757, where the same paper is given in a more extended and im- 
proved State. 

III. On the Effects of Lightning at Plymouth. By John Huxham , M.D., 

F.R.S. p. 16. 

Sunday, December 15, 1754, 25 minutes after one p.m. a vast body of light- 
ning fell on the great hulk at Plymouth-dock, which serves to hoist in and fix 
the masts of the men of war. It burst out about a mile or two to the westward 
of the hulk, and rushed with incredible velocity towards it. The piece of the 
Derrick cut out was at least 18 inches diameter, and about 15 or 16 feet long : 
this particular piece was in 3 or 4 places begirt with iron hoops about 2 inches 
broad, and half an inch thick, which were completely cut in two by the light- 
ning, as if done by the nicest hand and instalment, The lightning was imme- 
diately succeeded by a dreadful peal of thunder, and that by the most violent 
shower of hail, which fell only in and about this town, for a mile or two : there 
was very little of it at the dock, though only 2 miles distant. The hail-stones 
were as large as small nutmegs, all very nearly of the same size and shape. They 
measured, immediately after they fell, near 2 inches round. 
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IV. A Remarkable Case of a Morbid Eye. By Mr. Edtvard Spry , Surgeon, 
at Plymouth, in Devonshire, p. 18. 

The wife of Thos. Smaldridge, a mariner of Plymouth, complained to Mr. S. 
of a violent pain in her left eye, and sometimes of very acute pains in the temple 
of the same side, with some defect in her sight. She also imagined that her eye 
was larger than ordinary ; but on inspection it did not appear so. The cornea 
however became less transparent, and the pupil greatly dilated : but though the 
pain of her eye was so great, yet the blood-vessels of the conjunctiva were no way 
enlarged, nor in the least redder than that and the sclerotica were before ; and, 
from its whiteness, it appeared no more morbid than the other. 

Having resorted to bleeding, blistering, mercurial purges, &c. without any 
good effect. Dr. Martyne of Plymouth was consulted, but with no better success, 
her pain increasing, rather than diminishing. And as the pupil became enlarged, 
and the cornea more opaque, with great inflammation of the conjunctiva and 
sclerotica, and an apparent prominence of the whole eye, when every thing 
hitherto failed, Mr. S. tried 2 or 3 drastic purges; but these disagreeing veiy 
much, he was forced to return to his former method. He then cut a seton in 
her neck, which run very much ; but all to no purpose, and she became still 
more miserable. The conjunctiva became greatly inflamed, with an eversion of 
the upper lid, attended with great pain. He often made incisions with his lancet 
on this coat, which bled plentifully, and gave her ease for a day or two, and 
even took 8 oz. of blood from the temporal artery. But the eye being greatly 
enlarged, and of so terrible an appearance, after all endeavours for 8 or 10 
months, he judged her disease to be a carcinoma, and therefore proposed cutting 
out the whole' eye as the only remedy. 

Several skilful surgeons were consulted, and it was agreed to defer the opera- 
tion, and trust to nature ; though she was in that miserable condition ; but at 
length her eye becoming much greater, and her pain being increased, he re 
solved on the operation, lest the bones of the orbit might become carious. 

Thus, having called in Dr. Huxham, with some of the most skilful surgeons 
of Plymouth, he performed the operation in the following manner ; viz. the tu- 
mor was so very large, and the upper lid so distended, that he was obliged first 
to divide the orbicular muscle at the inner canthus ; and there began the incision 
round the upper part of the tumor, for the more convenient use of the knife. 
He had not cut deep when a great quantity of pus, like lymph, flowed out with 
great force, like a fountain, and the tumor subsided a good deal: but pursuing 
the operation, he found a large cist, - which filled the whole orbit behind the eye. 
and so part of the cist was left to slough off with the dressings. The whole eye 
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being cut out, be filled the wound with lint, See. and in 3 days removed the 
dressings, with a great quantity of sanies, which were daily renewed, and the 
part of the cist, which was left behind, sloughed off the 2d day. The cure went 
on with success, and, in a month from the operation, was completed ; and she 
remained free from pain from that time to the above date. 

Having examined the diseased eye after its excision, they found the humours 
very much confused : the aqueous humour was not so clear as usual, the crystal- 
line less solid and transparent, and the vitreous almost reduced to a liquid state. 
The cist was very strong and elastic, and had a cavity large enough to contain a 
hen’s egg. 

V. A Supplement to the Account of a Distempered Ski b, published in the 424 th 
N Q of the Phil. Trans.* By Mr. Henry Baker, F.R.S. pi. 21. 

In 1731, a lad, 14 years of age, was brought by his father from Euston-Hall, 
in Suffolk, and shown to the n.s. on account of his having a cuticular disorder, 
of a different kind from any noticed in the histories of diseases, as mentioned in 
the aforesaid N° of the Phil. Trans. 

More than 24 years from the date of that account, he was living, and shown at 
London by the name of the porcupine-man. His name was Edward Lambert. 
He was then 40 years of age, a good-looking, well-shaped man, of a florid coun- 
tenance ; and when his body and hands were Covered, seemed nothing different 
from other people. But except his head and face, the palms of his hands, and 
bottoms of his feet, his skin was all over covered in the same manner as in 1731. 
This covering seemed to Mr. B. most nearly to resemble an innumerable com- 
pany of warts, of a dark-brown colour, and a cylindric figure, rising to a like 
height, and growing as close as possible to each other ; but so stiff and elastic, 
then when the hand was drawn over them, they made a rustling noise. 

When he saw this man, in September 1753, they were shedding off in several 
, places, and young ones, of a paler brown, succeeding in their stead, which, he 
said, happened annually in some of the autumn or winter months : and then he 
commonly was let blood, to prevent some little sickness, which he else was sub- 
ject to while they were falling off At other times he was incommoded by. them 
no otherwise, than by the fretting out his linen, which, he said, they did very 
quickly : and when they came to their full growth, being then in many places 
near an inch in height, the pressure of his clothes was troublesome. 

He had had the small-pox, and been twice salivated, in hopes of getting rid of 
this disagreeable, covering : during which disorders the warting came off, and his 

* Y«l. yii, f, 549, «f> thw* Abridgment*. 
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6kin appeared white and smooth, like that of other people ; hut on his recovery, 
it soon became as it was before. His health at other times had been very good 
during his whole life. 

But the most extraordinary circumstance of this man’s story was, that he had 
had 6 children, all with the same rugged covering as himself : the first appearance 
in them, as well as in him, came on in about 9 weeks after the birth. Only one 
of them was then living, a very pretty boy, 8 years of age, whom Mr. B. saw, 
and examined, with his father, and who was exactly in the same condition, 
which he thought needless to repeat. He also had had the sma!l-pox, and during 
that time was free from this disorder. 

t 

VI. On the late Eruption of Mount Vesuvius . By Isaac Jamineau , Esq. his 

Majesty's Consul at Naples, p, 34. 

In April 1754, the fire issued from one end of a hillock, in the shape of a 
crescent, within the crater. On his 3d visit, in September, the crescent was 
turned to a cone, but much higher than before, being increased in proportion to 
the fire, that now discharged, by frequent explosions, thousands of stones on 
fire. On a 3d visit, in the middle of October, the cone seemed lower, which 
was owing to the rising of the bottom of the Cup, whose depth from 80 feet was 
decreased to 50. The lava was aotually running in many places ; and where it 
was not, the fire was universally visible within a foot or two of the surface. 

The running of the lava within the crater increased daily, so that in a month’s 
time the cup was filled within 35 feet On Tuesday, December 3, at night, 
after a little shaking, which was not felt above 3 or 3 miles off, an opening borfet 
on the eastern side of the mountain. 

Notwithstanding its slowness, it drives the strongest stone fettcra before it, 
and from lighting the trees, like torches, affords a most extraordinary, though 
dismal and pitiful spectacle. 

But the lesser stream which I saw before, is a small trout-stream compared to 
this, which sets off in a cascade of a mile’s length, and, though rather with a 
less declivity, is equally rapid, from the greater quantity of matter rushing down 
it. The breadth about 60 feet at the top ; but by having melted down ati 
island, that divided its stream about 300 yards in the fell, the breadth in that 
place must be above J 00' yards. 


VII . An Account of the Species of Plant, from which the Agaric, used as a 
Styptic, is prepared. By Mr. Win. Watson, F. B. S. p. 38. 

Mr. W. having written to M. Clairaut of Paris, requesting him to put some 
questions to Messrs, de Jussieu and Morand, concerning the species of agaric 
used as a styptic, he received for answer that it is the 
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“ Agaricns pedis equini figuri. Inst. Rei Herbar. 

“ Fungus m caudicibus nascens, pedis equini figurA. C. B. Pin. 

« Fungus durus arborum, sive igniarius. Park. Theat. 

“ Fungi arborei ad ellychnia. I. B. 

C( Fungi igniarii, Caesalpini et Tragi. 

“ Boletus acaulis pulvinatus laevis, poris tenuissimis. linn. Flor. Suec. 

It is the agaric employed for the amadoue ; and Mr. Brossart, who first 
brought this preparation into practice, conceives that that which grows oh old 
oaks, which have been lopped, is the most valuable ; that it should be gathered 
in August or September, and be kept in a dry room. 

The way of preparing it, is to take off with a knife the white and hard part, 
till you find a substance so soft, as to yield under the finger, like shammoy 
leather. This is to be divided into pieces of different sizes and thickness : beat 
these with a hammer, to give them a still greater degree of softness, so that they 
may be easily tom with the finger. 

Mr. Morand thinks, that the agaric, which when growing is of a greyish 
colour on the outside, is better than that which is white.* 

VIII. Of a Mountain of Iron Ore, at Taber g in Sweden. By Peter Ascanius, 

M. D. Translated from the Latin by Mr. Emanuel Mendes de Costa, F.R.S. 

p. 30. 

The mines of Sweden are justly esteemed superior to the mines of most other 
countries ; and those of iron are the most famed. Among the most curious of 
the latter, is that of Taberg, if, with propriety, it can be called a mine. The 
Swedish iron is, and has always been, carried to most parts of Europe, and is 
preferred to all other iron. 

This mountain is situated in a sandy tract of land, of which the sand is ex- 
tremely fine. The whole mountain is one mass of rich iron ore, and even in 
some parts is mixed with particles of native iron. About 200 years ago (for so 
long have they worked on this mountain) they blew up the masses of ore; yet 
the mountain appears very little diminished, except in the laves or hollow places, 
which are at the foot of the mountain, opposite to the valley. In the interior 
fissures of the mountain, bones of animals, as of stags and other kinds, are fre- 
quently found imbedded in the sand. No ore is found beyond the foot of the 
mountain, nor on the neighbouring plain ; so that it appears, as if the mountain 
had been artificially laid on the sand, for it has no roots, or, like other moun- 
tains, its substance does not penetrate the ground. The ore breaks easily, and 
what is broken from the sides of the mountain readily falls to the foot of it ; while 

* The plant here mentioned is the boletus igniarius, Linn. 
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n other mines the ore, with great trouble and cost, is dug from the bowels of 
the earth. The only inconveniency which happens here is, that the sand, which 
is digged in very great quantities in the fissures, when the ore is blown up, falls 
with it to the foot of the mountain, and buries or covers it, which they are forced 
to dig away again; on which account they always blow up the ore from the 
bottom of the mountain upwards, for the greater ease of the miners, and to 
hinder the heaping of the sand at the bottom. They then carry the ore to the. 
neighbouring furnaces, where being roasted, and broken small, they mix it with 
lime-stone and powdered coal, and smelt it into iron. 

IX. jin Extraordinary Case of a Child. By Mr. Richard Guy, Surgeon, p. 34. 

A child near 7 years of age, having languished, for near 1 2 months past, of a 
supposed dropsy, and undergone the most skilful treatment of several eminent 
physicians unsuccessfully, died in an emaciated state. By desire of the parent, 
Mr. G. opened the body, expecting to find water, but to his great surprize, 
there appeared as follows : a large round solid substance, shaped in the fortn of 
an egg, weighing 14 lb. 2-4- oz. of the adipose cellular consistence ; some parts 
of it being more brawny than others. On dividing it through the centre, were 
found several little cists, containing a meliceratous fluid ; the whole seemed en- 
veloped in a membrane, which he apprehended to be the omentum, but the ex- 
tension, from so large a body contained in it, had made it almost lose its reti- 
cular appearance. It was surrounded with many small blood-vessels, but no 
considerable ones. It adhered to the peritoneum, the back-bone, and-almost all 
the internal cavity of the abdomen, resting the large end in the pelvis, and 
greatly compressing the bladder and ureters. The intestines were all crouded 
together on the right side, in as small a compass as could possibly contain them. 
The intestine colon passed round the lower part, in the form of an S, which 
adhered likewise : it also inveloped the right kidney, which appeared something 
larger than the other ; and on dividing it, he found small stones, not exceeding 
the size of a large pin’s head. The other kidney did not adhere to this sub- 
stance. The small end pressed upwards against the diaphragm, so hard, as to 
force the heart close under the left clavicula : the lungs were so confined, as to 
render only one lobe capable of respiration ; the others appeared as in a still-born 
child. The liver, gall-bladder, and spleen, were as in health ; the intestines the 
same ; the mesentery was much extended with blood ; the matrix and ovaria as 
in their natural state ; and no other parts, that he could discover, affected. He 
could not discover, on dissection, any nuclei, that might particularly supply, or 
give rise to, this enormous substance. 
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X. Extracts -of two Letters from Mr. James Latterman, Student in Physic and 
Surgery, to Dr. Schlosser, concerning the Effects of the Agaric of the Oak. 
To which are added some remarkable Experiments made on the Arteries of 
Horses, with the Powder of the Lycoperdon, or Lupi Crepitus. By M. La 
Fosse, Farrier to the King of France. Communicated by Mr. Joseph Warner, 
F. R. S. Surgeon of Guy's Hospital, p. 30. 

[In these letters some additional cases are given of the successful application 
of agaric as a styptic after surgical operations. Also, of the application of the 
lycoperdon, with similar success. After the several cases of this kind, related in 
the preceding numbers of these Transactions, it is deemed superfluous to reprint 
the detail of these additional experiments, especially as the surgical practitioners 
•of the present day are agreed, that for stopping haemorrhages from the larger 
arteries, the ligature alone is to be relied on.] 

Rejecting the manner in which these vegetable styptics act on the mouths 
of the bleeding vessels, Mr. La Fosse observes First, that when applied to the 
mouths of the divided arteries, the bleeding has ceased in a few minutes, and 
that the mouths of the divided arteries have healed up without any further dis- 
charge. Secondly, that in 24 hours after the application of this powder, a thin 
pellicle or skin is formed on the mouths of the divided arteries, and that within 
the vessels is found a small plug of congealed blood. Thirdly, that the pulsation 
of the arteiy is to be seen in a very distinct manner at the extremities of the 
vessels. Fourthly, that the coagulated blood is of a conical figure, whose basis 
is at the mouth of the vessel, and its apex in an opposite direction. 

XI. On the Use of Lycoperdon, in Stopping Blood after imputations.* By 

James Parsons, M. £>., F. R. S. p. 38. 

XI L The State of the Thermometer, Feb. 8 and Q, 1755. By Henry Miles , 

D. D., F. R. S. p. 43. 

The cold on the 8th, especially at midnight, was extraordinary, if it be con- 
sidered in how short a space of time it increased to that degree. The lowest 
6tate of the thermometer, was on the 8th day, at 7 h a. m. when it had fallen 
to 17+. 

X HI. Some Cases of Dropsies, cured by Sweet Oil. By IVm. Oliver , M. D ., 

F.R.S. p. 46. 

Mr. Pierce took from Miss — 1 1 pints of water. As soon as the bandage 

could be loosened. Dr. Hartley and Dr. O. examined the state of her belly. The 

# Not reprinted for the reason assigned in the remark affixed to the preceding paper. 
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epigastric region was quite emptied; but they found a great fullness, which- 
extended itself on each side the inguen, towards the back. They put her on a 
very spare dry diet, and allowed her but a quarter of a pint of liquids in the 24 
hours. But though her urine much exceeded in quantity what she drank, the 
swelling increased, and they feared the belly would soon fill again. A lady, who 
was with her, said that, just before she left London, she had heard that two* 
persons had been cured of confirmed dropsies by being anointed, morning and 
evening, with common sallad oil, which was rubbed into the whole abdomen,, 
for an hour at a time, with a warm hand. They could not refuse the trial of so 
innocent a method. The i&traleiptae began their operation. About the 3d day 
of anointing, the urine was considerably increased, and continued to be so. The 
fullness gradually decreased, and in a fortnight's time was quite gone. Her 
appetite, digestion, and sleep, grew natural, and she recovered flesh, strength, 
and spirits. About 6 weeks after her first anointing, her menses appeared, and 
at the end of the next month she had a regular return of good colour, and in 
sufficient quantity. Dr. O. saw her at the public room a week before, in as good 
health as she ever enjoyed. 

This recovery was much talked of, and set a S the hydropics on robbing. A. 
man, aged 55, from hard drinking, and many wrong methods of cure, had 
been cachectic 15 years, and had often the symptoms of jaundice and dropsy. 
Half a year before, his. belly, legs, and thighs, swelled to an enormous size. He- 
was with difficulty moved from his bed to his chair, and was given, over,, as a. 
person in an incurable dropsy. About 3 weeks before, he began to anoint. After' 
3 or 4 days rubbing, his urine was greatly increased; and in a fortnight, his 
belly, thighs, and legs, were wonderfully decreased; and Dr. O. saw him after- 
wards walking about the town, though before be could not move a joint. 

A woman 70 years of age, of a thin habit, who got a livelihood by carry- 
ing cakes about the town, fell into an ascites. Her belly was so greatly dis- 
tended, that she was obliged to quit her business, to confine herself to her house, 
and for the most part to her bed.. She anointed. Her urine soon increased in- 
quantity, and continued to do so. 

X 'IV- Observations of the Eclipses of Jupiter's Satellites at Lisbon. By John 

Chevalier , F. R. S. p„ 48. 

Jan. M, 1754, he observed the immersion of the 2d satellite at Q h 4 m 3 s . — 
Jan. 15, the 1st satellite immerged at ll h 23 m 58*. — Jan. IS, the 2d satellite 
immerged at ll h 35 m 30 s . 

Xy. Of those Malignant Feverty that raged at Rouen r at the End of the Year 
1753, and the Beginning of 1754. By Mans. Le Cat, M. D. p. 4Q. 

About the end of Nov. 1753, a malignant distemper broke out in Rouen;. 
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the ravages of which continued during the subsequent months of Dec. Jan. and 
part of Feb. But before he enters on the history of this epidemic, he gives 
an account of the diseases which prevailed during some of the preceding years. 

The medical gentlemen, who had practised in Rouen from the beginning of 
the 18th century, state, that, for the last 30 years, that country had been more 
subject to malignant fevers than it had ever been before; and that the greatest 
part of them had been accompanied with miliary eruptions. M. le Cat fixes this 
epochs in 1723 and 1724, because the first of these years was excessively dry, 
the rain at Paris amounting to no more than 7 inches 8 lines, while the mean 
year comes to 19, and the year 1724 had only 12; while the year 1/25 pro- 
duced more than 17i inches, which should cause a temperature nearly approach- 
ing to the mean quantity, which may be considered as the most healthy. 

He observed in 1736 and 1737 certain gangrenous sore throats, which chiefly 
attacked children; they appeared again in 1748, in young persons of the first 
distinction, not only at Rouen, but also at St. Cyr, near Versailles, and at Paris. 
Persons of a certain age were also seized with it, not only in town, but in the 
country; and in some the tongue alone was the seat of the gangrenous eschar. 
In the same years 1737 arid 1738, there was a great number of malignant perip- 
neumonies, of that kind called pituitous. The lungs of these subjects, many 
of which he opened, were become schirrous; and the patients perished for want 
of being able to admit air into them, as if they had been strangled. Some of 
them most earnestly begged him to open their breasts, imagining that a new vent 
would give them breath. 

In 1739 they had, at the H6tel Dieu, continual fevers, with frequent Huntings : 
and the patients, without any violent symptom, died in 6 or 7 days. He found 
small abscesses in the substance of their hearts, near the auricles. Nothing 
remarkable' happened from 1739 to 1743, but that the finest, longest, and 
driest summer he ever knew in Normandy, produced epidemical bloody-fluxes, 
which grievously .afflicted both Rouen and the whole country round about. 
These fluxes were preceded by great lowness of spirits, attended with, violent 
colics, ar.d a sharp fever: the pulse small, the mouth and tongue foul, a nasty 
taste in the mouth, and frequent nausea; and whenever a hiccup came on, 
death was not far off. 

The principal seat of this distemper was in the large intestines; though some- 
times the small guts and stomach had their share. In one, who voided pure 
blood a little before his death, Ke found a great portion of the intestinal canal 
full of blood, the villous coat being much swelled, and greatly inflamed; and, 
putting it in water, one might easily discern, with a magnifying glass, a great 
number of red points, which appeared to be the mouths of the vessels, which 
poured out the blood found in the intestines. Another had blood discharged 
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even up to the stomach ; and the inner membrane of this organ, towards the 
pylorus, was in the same condition with that of the great intestines of the fore- 
going patient. The duodenum, jejunum, and the beginning of the ileum, 
were sound; the end of the ileum was inflamed, and the large intestines were 
gangrened. In another, the same intestines were all mortified; the caecum,, 
and half the colon, were as large as a stomach distended with wind. Their 
canals were full of a bloody matter, and their inner membrane separated very 
easily. The gangrene seemed particularly to affect this coat. The stomach and 
small guts were sound; yet his death was preceded by the hiccough. In some 
others, the gangrene had seized all the coats of the intestines; and sometimes 
these canals were so far pierced by the eschars, as to let the faeces pass through 
into the cavity of the belly. And in some the bladder itself partook of the dis- 
orders observed in the great intestines. 

A few bleedings at first, cooling liquors, as whey, chicken-water made into 
an emulsion, emollient clysters often repeated, and paregorics given properly, 
and in small quantities, were the most sovereign remedies for this disease. Pur- 
gatives were generally hurtful. Ipecacuanha succeeded with some; and an Eng- 
lish pupil, Mr. George Ross, made very successful trials with boluses of vitrum 
antimonii ceratum. Whenever blood was taken away in an over great quantity, 
the patient in 3 or 4 days fell into the agonies of death. Anodyne drops given 
too freely, instead of quieting, occasioned restlessness, and increased the fever 
and inflammation. 

M. le Cat was himself struck with this disease, as if with lightning, and 
passed, in a few hours, from a good state of health into a sinking and insensi- 
bility, which indicated a gangrene coming on, and the utmost danger. Two 
bleedings, close on each other, brought him to himself; but his insensibility was 
succeeded by the usual colic and flux, which was the principal distemper: then 
1-J-oz. of diacodium freed him from this painful and dangerous condition, as 
speedily as the infected air had thrown it on him.. 

In the following season, and even in the year 1 744, when this distemper pre- 
vailed no longer epidemically, there happened some very extraordinary circum- 
stances. A woman, the 30th of November 1743, being of a robust habit of 
body, and in perfect health, was suddenly seized with a violent colic in her sto- 
mach, and died in 3 hours. He found 3 gangrenous places at the upper orifice 
of the 6tomach. He doubted whether ever any distemper could have deserved 
the name of a plague more than this, if it had been epidemical. 

In the course of the year. 1744, they had a great munber of gouty rheumatisms, 
with fevers. The patients were deprived of the use of their limbs; the miliary 
eruption often came on, and seemed to Telieve them by restoring their limbs. 

In some, their pains went off by forming phlegmons and erysipelases on the ex- 
vox. x. 4 D 
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tremities; some of which seized the arm and fore-arm, and were considerable 
enough to bring on the death of the patients; others were atteuded with large 
gangrenous eschars, which also frequently proved fatal. Of all the remedies, 
that did service in these disorders, decoctions of the bark, and the sudorific 
woods, as also that of scorsonera, were most effectual. But if a plentiful mi- 
liary eruption came on, notwithstanding the relief it seemed at first to procure, 
the event seldom turned out well. 

The years 1745, 46, and 47, proved tolerably healthy ; some disorders of the 
throat; becoming more common about the end of the last of these 3 years, were 
the fore-runners of the gangrenous sore throats of 1748. In these cruel dis- 
tempers, the throat was in the same state with that of the larger intestines in 
1743. Great and frequent bleedings made the patients go off the sooner. 

There were also this year malignant fevers, that began with rigors, fixed pan 
in the head, pain about the heart, the fever in appearance very small, yet at- 
tended with delirium, and often with a miliary eruption. Those who died had 
the villous coat of the stomach spread over with inflammatory spots, which 
swelled its substance, and gave it a brownish purple-colour. These spots were 
in greatest number about the upper orifice of the stomach. The small guts had 
also some of these spots. Sometimes the glands of the mesentery were found 
obstructed, where the larger intestines, and other viscera, were in a sound state. 

He cured, or rather stopped the progress of, these distempers, by giving, on 
the first coming on of the rigors, a cordial and febrifuge electuary.* When 
the distemper did not yield to this remedy, he had recourse to small bleedings, 
and gentle physic. Such as were seized naturally with a slight flux, got well 
with the help of diluting liquors, made a little detersive, such as lemonade; but 
some of them lasted 40 days, and more. The years 1749, 50, and 51, had the 
like malignant fevers, some of which were accompanied with violent colics in 
the beginning, followed with fluxes, which it was found necessary to moderate. 
He succeeded with 1 or 2 bleedings, after which he gave the deeoctum album .-f* 

Some of these diseases had the appearance at first, of a slight peripneumony, 
or cold, with perpetual faint sweats: then followed a drowsiness and stupor, a 
rambling for some moments at night, the belly puffed up, and uneasy, little or 
no urine, then a miliary eruption and delirium ; and the patient- was carried off 
in a few days. The stomach in these subjects was inflamed, as also the small 
guts, by patches. In some there were ulcers, which almost penetrated the sub- 

* Kinkina, 1 oz. . Yenicetreacle and rhubarb, of each \ oz. ; salt of centaury and wormwood, of 
each 1 dr. ; syr. of niercurialis, q. s. — Orig. 

•f Crumb of bread, 2 oz. ; hartshorn-shavings, } oz. ; root of the greater comfrey, cut in slices, 
1 oz.; to be boiled in a quart of water for a £ of an hour; strain, and add 1 oz. of diacodium. 
—Orig. 
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stance of the intestines. Their lungs were full of blood, and in the back part 
adhering to the pleura. Those, who had a slight looseness only in the morning, 
which did not check the sweats, recovered. Some of the malignant fevers, 
which were at the H6tel Dieu in J750, were reported to be caused by infection 
conveyed in bales of horse-hair, to which was left some of the animals’ flesh, 
that was become. putrefied; and yet these fevers did not differ from others which 
we have already described. 

A girl about 20 years of age, who died of this fever, had the mesentery filled 
with obstructed glands, and the intestines mortified in different places. A man 
had, besides these symptoms, almost the whole mesentery mortified, and an an- 
thrax or carbuncle at the upper and fore-part of the arm-pit, and the whole body 
of.a livid colour. This carbuncle proves, that these malignant fevers were some- 
thing pestilential. 

M. ie Cat makes no mention of the small-pox, which hardly ever .leaves this 
climate in any season of the year, but which is more common towards the end 
of summer, and in autumn, and for the most part is accompanied with the mi- 
liary eruptions, which he had already observed to.be joined to all these diseases, 
and which seldom failed to render them mortal. He opened several of these 
variolous bodies, and in the greater number found superficial ulcers on the ner- 
vous coat of the stomach, towards its upper orifice, with livid and inflammatory 
spots on the other parts of the same, as also on the intestines (though in a small 
number) and the glands of the mesentery enlarged, and hardened. 

In the year 1752, and beginning of 53, these malignant fevers, that put on 
the appearance of peripneumonies, became mortal in 7 days, and they discovered, 
that they were occasioned by a suppurative inflammation of the pericardium. 
Laxative medicines, quickened by an emetic,- were most successful against these 
inflammations. 

About the end of the year 1753, and beginning of 54, these malignant fevers, 
which had their seat in the stomach, small guts, and partly in the lungs, ap- 
peared again, and seized a great number of persons of distinction. This cir- 
cumstance made them be considered as a new distemper by those who did not 
attend to it sooner; and the havock they had usually made, being rendered more 
remarkable by the quality of those who were the unhappy victims, gave the 
suspicion throughout Europe of having the plague. These reasons redoubled 
the diligence of the gentlemen of the faculty. The physicians met together, at 
their college, several times, to communicate their observations on these diseases. 
M. le Cat thinks they may be divided into 3 degrees. 

The patients of the first degree felt, at the beginning, a lassitude, and pain in 
the joints, attended with some fever, the fits of. which went off by sweats. 

4 d 2 
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They perfectly resembled those malignant, wandering, gouty rheumatisms of 
1744. But these symptoms were of no long duration; they left the patients 
long intervals, in which they were able to rise out of bed. There was no great 
danger attending; and all that was terrible in them was this, that they were of 
long continuance. The disease of the 2d degree had, besides • the foregoing 
symptoms, a continual fever, with exacerbations, and a pain in the head, that 
increased as the fever increased. That of the 3d degree began with the symptoms 
of the first, for 4, 5, and sometimes 8 days; after which it passed to those of 
the 2d, and was besides accompanied, in the exacerbations, with a cough, sore * 
throat, nausea, a dry, black, and foul tongue; a delirium, or a tendency to it, 
in the height of the fits, followed by sweats; a remarkable stupidity in the remis- 
sions; in some a small oppression of the breast, with spitting of blood; mothers 
a swelled belly, which was slow in every evacuation, especially that of urine. 
Afterwards there often appeared the miliary eruption ; some had a small ilux, and 
blood was perceived in the stools. A great number were affected with a dejec- 
tion of spirits, and were struck with a sort of terror, as made them tremble at 
the sound of a common voice. 

These diseases ran through a course of 30 or 40 days, which he thinks may 
be divided into 4 periods. The first, or first 7 days, were passed with the 
symptoms of the first degree: the next 7 days with those of the 2d' degree. In 
the 3d period, which consisted of about the same number of days, the patient 
laboured under all the symptoms of the complete disease. Towards the 21st the 
miliary eruption came on, which led the patient either to death on the 25th, or 
to recovery about the 30th or 40th day. Some patients, who were attacked with 
more violence, ran through all the stages in 7 days, as was remarked in 1752; 
and this short space brought some persons of the most vigorous constitutions to 
their graves. Many of their bodies were opened, on which they, made the fol- 
lowing observations: . 

In some, part of the villous coat of the stomach, and of the small guts, was 
inflamed; and the rest of these organs were filled with an eruption of the miliary 
crystalline kind, except that it was larger; and there was likewise an obstruction 
in the glands of the mesentery. In others, a strong inflammation had seized 
the whole stomach, and a small portion of the oesophagus; but the intestines 
were free. These were filled with wind in those subjects whose bellies had been 
swelled. In those cases, wheie the delirium had continued long and violent, they 
found either ulceration on the stomach, or its villous coat separated, with a great 
inflammation, and even some gangrenous spots on the other coats of that organ. 
Nothing extraordinary was ever found in the brain. 

The most successful method of treating these disorders, was as follows: A 
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bleeding or. two, at first, was directly followed by a * vomit. M. le Cat had 
seen this remedy produce' a small flux of 5 or 6 stools a day, which, with the 
addition of lemonade, was generally sufficient to effect a cure. But when this 
success did not follow, the patient was bled first in the arm, then in the foot, 
and every 2 or 3 days there was given some cassia, quickened by an emetic, and 
dissolved in a decoction of tamarinds. They prescribed ptisans of strawberry- 
leaves, adding some nitre; lemonades, clarified whey, pure water by itself, a 
good many simple clysters; draughts of the distilled water of borage and bugloss, 
sweetened with syrup of lemons and water-lily. Many did well with a simple 
julep of sugar and water, and a little wine. There were some, who, when they 
were just sinking, were raised again by cordials of the wannest kind, such as 
Venice treacle, given in large doses, and the preparation, called vinegar of the 4 
thieves,-)* ty spoonfuls, in broth. These medicines brought out a most plen- 
tiful miliary eruption, by which they were cured. 

The manner of recovery from this disease deserves a place in the histoiy of it.. 
There were but few, who recovered of it in the usual way, that is to say, who 
only wanted the restoration of their strength, exhausted as well by sickness as 
the medicines. Almost all of them, even those who had it in the first and se- 
cond degree, still felt some remains of the symptoms of the disease. Such pa- 
tients, as had any critical abscesses, were saved by this tribute only; but others, 
who escaped the mortality of this dangerous poison, carried about with them for 
several months, and still feel, its terrible effects; for to the usual weakness of 
convalescents were joined palpitations of the heart; a little of the painful lassi- 
tude in the joints, which was a sign of the first attacks of the disease; a slight 
pain in the head, but almost constant; an uncertain pulse; and, on the lessening 
or cessation of these complaints, they were replaced by wandering pains in the 
hypochondria, swimmings in the head, melancholy, and a remarkable disposi- 
tion to fear, being the remains of what constituted one of the characteristics of 
the disease. 

• It is called in the original, l’emetique en lavage, which signifies an emetic well diluted with 
water j the formula of whi<;h is, 4 gr. of emetic tartar, dissolved in a quart of water; the 4th part of 
which is given at a time. After this has worked either b y vomit or stool, another 4th is taken, and 
so on, till the patient is supposed to have vomited or purged enough.— Orig. 

+ This is ay infusion of several aromatic plants in vinegar. The reason of its being called vinaigre 
des quatre voleurs, is this: 

When the plague raged at Marseilles, 4 rogues broke into the bouses of the sick, and carried off 
what they pleased, retiring to a secret place with their booty, and returned to the same business at 
different times, till they had amassed great riches ; but were at last apprehended, and hanged. Being 
asked, how they durst venture into the pestilential houses ? they said, they preserved themselves by 
drinking a glass of their vinegar twice or thrice a day, sprinkling their handkerchiefs and clothes with 
the same, and were not afraid. The French retain this name for it, though it is not in their dispen- 
satories, and use it as a high cordial. — Orig. 
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XVI. An Account of the Death of Mr. George JVilliam Richman , Professor of 

Experimental Philosophy , a Member of the Imperial Academy of Sciences at 

Petersburg. Translated from the High Dutch, p. 6l. 

In order to demonstrate what Mr. R. might advance m an intended discourse 
with the greater certainty, he neglected ud opportunity on the appearance of a 
thunder-cloud, diligently to discover its strength. Bars were standing for this 
purpose always on the roof of the house. These received the electrical power 
of the clouds, dnd imparted it to certain chains fastened to them ; by which it 
was conducted into one of his rooms, where his apparatus was. He was at- 
tending the usual meeting of the Academy the 26th of July 1753, a little before 
noon, when it thundered at a pretty distance, the sky being dear, and the sun 
shining. On this he hastened home, in hopes of coulirming his former obser- 
vations, or possibly enabling himself to make new ones. The engraver So- 
kolow, who had the care of his future treatise, accompanied him, to make him- 
self the better acquainted with the chief circuinstanoes of the electrical experi- 
ment, in order to be enabled to represent it more justly on a copper-plate. Mr, 
Richman carried the engraver immediately to hie apparatus, taking notice of the 
degree of electricity on his bar, which was then only 4 ; and by which it appeared, 
that his bar had received very little from the thunder. He described to Mr. So- 
kolow the dangerous consequences which would attend the electrical power 
being increased to the 45th, or more degrees of his expositor. In the mean 
time the misfortune happened, about half an hour after noon, which cost Pro- 
fessor Richman his life. A thick cloud, that came from the north-east, and 
.seemed to float very k>w in the air, was taken notice of by people walking in the 
street ; and these affirm, that they could plainly see, on the subsequent flash of 
lightning, and peal of thunder, a quantity of vaporous matter issue from it, 
which diffused itself in the circumjacent space. It was such a thunder-clap as 
has hardly been remembered at Petersburg. The serene weather continued af- 
terwards just as before. An English captain observed, that as the wind had been 
till then easterly, not long before the thunder it veered about to westward, but 
immediately after the stroke it returned to its former point, east. By this it ap- 
pears in what manner the inflammation of the electrical particles followed so 
quickly, the wind driving it against another cloud, not so pregnaqt with that 
combustible matter. The neighbours declare, that they saw through their win- 
dows a vapour, in different rays, dart along the whole extent of the street ; and 
that wherever it touched the ground, it emitted every where sparks'; which is not 
incredible; for there were people who, walking along between these rays of 
vapour, were quite stunned, and some beaten to the ground, though they speedily 
recovered again. 
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A centinel in the Great Perspective *, not far from Mr. Richman’s house, 
which stands at the comer of the said Perspective, was thrown some paces from 
his centry-box, but without receiving any injury. It is not therefore to be 
doubted but that this very thunder-cloud, or, its electrical discharge, must have 
struck the iron bars, which were on Mr. Richman’s house-top ; by which a great 
part of the electric force was conducted, by means of the chains, to his electrical 
expositor; and thus it could not fail of having the melancholy effect, the parallel 
of which has not been known. According to the account of the engraver 
Sokolow, Mr. Richman inclined his head towards the expositor, to observe what 
degree of force it would have; and while he stood in that bent posture, a great 
white and bluish fire appeared between the electrical expositor and Mr. Rich- 
man’s head. At the same time arose a sort of stream, or vapour, which entirely 
numbed the engraver, and made him sink down on the ground ; so that he can- 
not remember to have heard the loud thunder-clap. The iron ruler belonging to 
the expositor, which hung perpendicular, as it received all the force from the 
bars and chains, cast from it a thread, which was fixed to .its top, and drove it up- 
ward towards the expositor. That this ruler might point out the degrees of 
strength, that for its more powerful operation, it stood with its lower end in a 
glass vessel, filled with brass filings. This ruler hanging right, a globular flame 
has been always produced, as well by artificial electricity as that of the cloud?, 
which may be denominated natural electricity. This being now stopped, by the 
filings and glass vessel, from taking its direction downwards, seems to have ex- 
panded itself round about the ruler, and by those bodies, incapable of electricity, 
to have been carried on towards Mr. Richman. And this is further confirmed, 
because they afterwards found the vessel broken in pieces, and the filings scat- 
tered about. The particulars, which happened to Mr. Richman, Mr. Sokolow 
is ignorant of. As soon as he had recovered his senses, he got up, and ran out 
of the house, acquainting every one whom he met in the street, that the thun- 
der had struck into Mr. Richman’s house. On the other side, as 90on as Mrs. 
Richman heard the very loud stroke of thunder, she came hastening into the 
chamber, in which she conjectured she should see the bad consequences. She 
found her husband past sensation, sitting upon a chest, which happened to bo 
placed behind him, and leaning against the wall ; which situation must have been 
occasioned by his falling back ou receiving the electrical blow. He was no 
sooner struck than killed. There was not the least appearance of life. A sul- 
phureous smell, not unlike that which is caused by the explosion of gun-powder, 
diffused itself through the whole house. Some servants, who were hard by in the 
kitchen, felt its effects, being quite stupified. Hie electrical expositor stood onf. 

* Probably a street so called. 
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a low beaufet, upon which was likewise placed a China bowl that was cracked ; 
and there was such a shaking in the house, that the shock even stopped the 
movement of an English clock, or pendulum, which was in an adjoining room. 
There was no other inflammation happened in the house. But we have found 
another effect of the force of electricity, or of thunder-bolts, discoverable by the 
door-posts of the house ; for they were rent asunder length-wise, and the door, 
with that part of the posts, so torn away, twirled into the porch. The reason of 
which appears to be, because one of the above-mentioned chains, that were 
carried from the bars at the house-top to the expositor, passed very near them : 
and the kitchen door, being at a little distance off, had a splinter torn out, and 
dashed against a stair-case, that went towards the top of the house ; so that part 
of the elecrical matter seems to have taken its course this way, but without doing 
any more damage. They opened a vein of the breathless body twice, but no 
blood followed. They endeavoured to recover sensation by violent chafing, but 
in vain. On turning the corpse topsy-turvy, during the rubbing, an inconsi- 
derable quantity of blood fell out of the mouth. There appeared a red spot on 
the forehead, from which spirted some drops of blood through the pores, without 
wounding the skin. The shoe belonging to the left foot was burst open. Un- 
covering the foot at that place, they found a blue mark, by which it is concluded, 
that the electrical force of the thunder having forced into the head, made its way 
out again at the foot. On the body, particularly on the left side, were several 
red and blue- spots, resembling leather shrunk by being burnt. Many more blue 
spots were afterwards visible over the whole body, and in particular on the back. 
That on the forehead changed to a brownish red. The hair of the head was not 
singed, though the spot touched some of it. In the place where the shoe was 
unripped, the stocking was entire ; as was his coat every where, the waistcoat 
being only singed on the fore-flap, where it joined the hinder. But there ap- 
peared on the back of the engraver’s coat long narrow streaks, as if red-hot wires 
had burnt off the nap. 

When the body was opened the next day, 24 hours afterwards, the cranium 
was very entire, having no fissure or cross-opening ; the brain as sound as pos- 
sibly it could ; the transparent pellicles of the wind-pipe were excessively tender, 
gave way, and rent easily. There was some extravasated blood in it, and in the 
cavities below the lungs ; those by the breast being quite sound, and not da- 
maged, but those towards the back of a brownish black colour, and filled with 
more of the above blood ; otherwise none of the entrails were touched ; the 
throat, glands, and the thin intestines, were all inflamed. . The singed leather- 
coloured spots penetrated the skin only. In short, though one could trace out 
all the consequences of an instantaneous stroke throughout the whole body, yet 
many of them have not appeared to happen to others struck by thunder, when 
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they have been examined. Should not one therefore be led to conclude, that 
the electrical force, that occasioned Mr. Richraan’s death, must have been of a 
different substance from the common thunder-bolt ? That it was much more 
aubtile, is obvious, because it left so few visible traces in the body, which it pe- 
netrated; Twice 24 hours being elapsed, the body was so far corrupted, that it 
was with difficulty they got it into a coffin. 

Mr. R. was bom the 1 1th of July, 17H,.at Pemau, after the decease of his 
father, Mr. Wm. Richman, treasurer of the king of Sweden, who was carried 
off by the plague, at the close of the year 1710. Having laid the foundation of 
his learning at the Gymnasium at Revel, he prosecuted his studies at the uni- 
versities of Halle and Iena, where he always made the mathematics and philo- 
sophy his principal objects. He was made a member of the Imperial Academy in 
the year 1735 ; extraordinary professor in 1741 ; and at last, in 1745, ordinary 
professor of experimental philosophy. 

XVII. Of a Roman Inscription found at Malton in Yorkshire, in the Year 1753. 

By John Ward, LB.D. Rhet. Prof. Gresh. and V.P.R.S. p. 69. 

, This inscription was dug up in the Pye Pits, opposite the lodge at Maltoii, a 
town situated on the river Derwent, in the North Riding of Yorkshire. And 
the inscription, in words at length, may be read in the following manner : 

Diis Manibus. Aurelius Macrinus, ex equitibus singulartbus Augusti. 

The peculiarity of this inscription, and what renders it remarkable, is the 
character of the person, to whose memory it was erected. These equites singu- 
lares are often mentioned in Gruter, Fabretti, and other collectors of ancient 
monuments ; but this is the first instance of them, which has ever occurred in 
any of our British inscriptions. Modem writers have differed veiy much in their 
sentiments, concerning the particular office and duty of this part of the Roman 
cavalry ; but Dr. W. thinks it most probable that these equites singulares made 
part of the emperors body guards. Reinesius was of opinion, that they not only 
attended the emperors themselves, but also the governors of the Roman pro- 
vinces, in the like station ; though Fabretti, who has given a large collection of 
these inscriptions, declares that he had met with no sufficient evidence of this, 
either from ancient writers or inscriptions. Schelius, in his notes on this passage 
ef Hyginus, thinks that they were first instituted by Augustus. And there is 
an inscription in Gruter, which mentions one of these equites singulares as 
having served under Augustus in several of his wars, and been rewarded by him. 

This acoount of the origin and station of that body of Roman horse may 
afford some light in settling die time, when this funeral monument of Aurelius 
Macrinus was erected. For if they always attended on the emperor himself, 
some one of the Roman emperors must then have been resident in Britain. And- 
vol. x. 4 E 
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as Severus resided here for about 3 of his last years, and died at York ; it seems 
most probable that this monument was set up within that time. And to this 
both the form of the letters on the inscription very well agree, and the ligature of 
the two letters G and A at the end of it. Fabretti observes, that these equites 
singulares had a burying-place allotted them at Rome, in the Via Labicana, not 
far from the sepulchre of the empress Helena. Several of their monuments have 
been found in that cemetery, adorned at the top with a human figure, lying on 
a couch ; and below the inscription, a horse with trappings, and a boy holding 
a whip. And if any such are met with elsewhere, they have, as he supposes, 
been removed from thence. Montfaucon has given a draught of one of those 
monuments, which contains the inscription recited above, and answers to this 
description of Fabretti, both as to the human figure, and that of the horse; 
the former of which has a patera in the left hand, and a mask is suspended at 
each end of the couch ; and the boy, who is there wanting, he found on an- 
other. Those ornaments might very probably be omitted on such monuments, 
when erected in the provinces ; and it is plain there could not be room for the 
human figure above the inscription in this of Malton. At which place, as Mr. 
Borwick says in bis letter, many urns, coins, and other remains of antiquity, 
have been found, in and about the Pye Pits ; whence he supposes it to have been' 
a cemetery for some Roman garrison. 

In one inscription the emperor Commodus is himself called eques singularis, 
for the explication of which character recourse mu6t be had to the accounts given 
by historians of his life and actions. And among other instances of his base and 
infiunous conduct, he is said to have demeaned himself to that degree, as to act 
a part in most of the public games that were celebrated at Rome. Thus, oner 
of his diversions was to attack wild animals in the amphitheatre ; at which ex- 
ercise he was so expert, as never to miss his aim in killing them, either with a 
javelin or an arrow. He would often combat with the gladiators, and was so 
fond of that character, that he assumed the name of one of them, who had been 
very famous. At other times he would act as a charioteer in the Circus. He 
joined also in the athletic exercises, and was at last strangled by a champion, 
with whom he had formerly engaged. Dr. W. does not find indeed, that he is ever 
mentioned by historians as a racer on a single horse, which is the character given 
him in the inscription ; as appears from Isidore, who galls them equites singu- 
lares, as distinguished from the desultores. But that horse-racing was also one of his 
recreations, we learn from a passage in Dion Cassius ; who says that Commodus 
came once to Rome on a sudden, when he was not expected, and exhibited a race of 
30 horses in the space of 2 hours. It is not improbable therefore, that he might 
sometimes take a part in that exercise, as well as in those above mentioned. And 
as he affected to have all his actions, however shameful or ridiculous, publicly 
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-recorded, this inscription might have been erected in compliment to him under 
that character. 


A Catalogue of the Fifty Plants from Chelsea Garden , presented to the Royal 

Society, by the Company of Apothecaries for the Year 1745, Pursuant to the 

Direction of Sir Hans Sloane, Bart. He. p. 78. 

[This is the 33d presentation of this kind, completing to the number of 1650 
different plants.] 

XIX. On the Advantage of taking the Mean of a Number of Observations, in 

Practical Astronomy. By T. Simpson, F. R. S. p. 82. 

It is well known that the method practised by astronomers, to diminish the 
errors arising from the imperfections of instruments, and of the organs of sense, 
by taking the mean of several observations, has not been so generally received, 
but that some persons of note have publicly maintained, that one single obser- 
vation, taken with due care, was as much to be relied on, as the mean of a great 
number. As this appeared to be a matter of much importance, Mr. S. was in- 
clined to try whether, by the application of mathematical principles, it might 
not receive some new light ; whence the utility and advantage of the method in 
practice might appear with a greater degree of evidence. 

But the rest of this paper will be better consulted in Mr. Simpson's Miscel- 
laneous Tracts, published in 1 757, where the paper is much improved. From a 
particular example which Mr. S. calculates, he infers that the chance, for an 
error exceeding 2 seconds, is not -fa part so great from the mean of 6, as from 
one single observation. And it will be found, in the same manner, that the 
chance for an error exceeding 3 seconds, will not be r8 ' B <) part so great from the 
mean of 6, as from one single observation. On the whole of which it appears, 
that the taking of the mean of a number of observations, greatly diminishes the 
chances for all the smaller errors, and cuts off almost all possibility of any great 
ones : which last consideration alone seems sufficient to recommend the use of 
the method, not only to astronomers, but to all others concerned in making ex- 
periments of any kind, to which the above reasoning is equally applicable. And 
the more observations or experiments there are made, the less will the conclusion 
be liable to err, provided they admit of being repeated under the same circum- 
stances. 

XX. Of the Success of Agaric, and the Fungus Pinosus, in Amputations. By 

Mr. James Ford, Surgeon, of Bristol, p. 93. 

Mr. F. here gives an account of 2 cases of amputation, in which the agaric 

was successfully employed as a styptic. 
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XXL Queries sent to a Friend in Constantinople . By Dr. Maty, F.R. S. and 
answered by James Porter, Esq. F.R. 8. Ambassador there, p. q6. 

1. Whether we may know with any certainty, how many people are generally' 
carried off by the plague at Constantinople ? 2. Whether the number of in- 
habitants in that capital may be ascertained ? 3. Whether what has been ad- 
vanced by some travellers, and from them assumed by writers on politics, be 
true, that there are more women than men born in the east ? 4. Whether 
plurality of wives is, in fact, as it was confidently affirmed to be, in the order of 
nature, favourable to the increase of mankind? 5. What is the actual state of 
inoculation in the East ? 6. What is become of the printing-house at Con- 

stantinople ? and are there any original maps of the Turkish dominions, drawn 
from actual surveys ? 7* What sort of learning is cultivated among the Greeks, 

and among the Turks ? 

To these 7 'queries Mr. Porter made the following answer: 

1. The only plague, which he observed at Constantinople, in the course of T 
'years, was that of the year 1751 : there are almost annually dispersed accidents, 
some perhaps real, some suggested by trick and design, to serve sinister purposes- 

2. The Turks have no register, no bills of mortality : they are prohibited, by 
their law, from enumerating the people. He applied to the Reis Effendi, and 
other ministers of the Porte, to know what probable calculation they could make 
concerning the number of dead; but they all concurred in one general answer, 
that they had no other but what was. founded on the decrease of the consumption, 
of the quantity of com, or bread ; and in general talked of about 1 50000. Com- 
is delivered out by an officer of consideration, and an exact register kept. Be- 
fore the commencement of the plague, in March and April 1751, the consump- 
tion of com was 1Q000 measures, called khilos. On its continuance and decrease 
it diminished to 1 7000 , and on its total cessation, it was found not to amount 
to above 14000. A khilo weighs 22 okes. It is ground to 18 okes of flour. 
The bakers have generally the secret to make out of this last quantity 27 ok.es of 
bread. They add to an oke of flour one of water, besides some salt ; and as 
their bread is almost dough, few of the watery particles are exhaled ; and it is- 
esteemed good if it is not doubled in quantity, when taken out of the oven. 

The people live principally on bread ; the poorer with onion, garlick, fruits, 
or pulse, according to the seasons ; the others with very small portions of flesh, 
or fish. The more laborious professions, as labouring men, stone-cutters, car- 
penters, &c. eat from 2 to okes a day ; the pther, according to the common 
run of families, composed of men, women, and children, half an oke each ; so- 
that the lowest calculation, on a medium, may be about an oke and a quarter 
daily, eaten by each person at Constantinople. But should it be thought too 
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much, an oke, which is 24 . lb. English, he supposes nearer truth : the following 
conclusions then will result: That therefore on the highest number of 19000 x 
27, wehave 513000, the quantity of okes of bread consumed, and consequently 
the number of souls at Constantinople. That on the decrease of the plague to 
1 7000 , 54000 persons were eithef dead or missing. That when the quantity 
was reduced to 14000 on the cessation, those either fled or dead amounted to 
135000. 

It is said by some, that Constantinople contains near 3 millions of inhabitants ; 
but on whatever supposition we take the consumption of the quantity of bread, 
that quantity will be found erroneous. On a gross calculation made by some of 
the principal men, and particularly the Chiorbachees, or colonels of Janizaries, 
who had their stations at the most noted and only places where the funerals pass, 
they reckoned for 6 weeks, while the plague was at its height, and in its crisis, 
from QOO to 1000 per diem ; and that the whole amount of the dead in that 
time might be about 40000: and from the time it was in its increase and decline, 
they added 15 to 20000 more. If therefore we admit 60000 in the whole, it 
will be as that sum to 513000, or as 1 to 84 - 4 . 

There is a remarkable coincidence between this proportion, and the number 
of dead which was carried out of the Adrianople-gate, during 12 days, the same 
season of the year 1752 ; and of the like number of days in 1751. 

Hence the number of dead, at least through that gate, in time of common 
health, was to those in that of sickness, as 59 to 489, or as 1 to 84 -, nearly. 
The Adrianople gate is reckoned the greatest passage for the dead, on account 
of its vicinity to the most extensive burial-places. A great deduction must be 
made for the vast decrease of the consumption of wheat towards the cessation of 
the plague, from the considerable numbers, who fled into Asia, the islands of 
the Archipelago, and Romelia. 

It is extremely difficult, if not impossible, to come at any other computus of 
the number of inhabitants, much more so of houses, at Constantinople. The 
city is divided somewhat in the manner it was under the Grecian empire, that 
is, into different quarters, called Mahales, and each under the special direction 
of an Imaum. As far as it extends to their immediate advantage, they are in- 
formed of the number of families in their district ; but whoever would dare to 
collect from them, might not only risk the censure of the government, but his 
head. Besides, if the inquiry is general concerning houses, it is impossible to 
fix a determined idea; they confound palace, seraglio, shop, room, and call 
them indiscriminately houses. The Jews say, that they have 10000 houses at ' 
Constantinople : but in what we call a house, there are perhaps 10 families, and 
the distinct number of the latter they dare not mention. Mr. P. endeavoured 
with persuasion, and all his weight, to induce the Greek and Armenian palri- 
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archs, to obtain for him a register of the births and burials of their respective 
communities; but at length they acknowledged it impossible. Their parishes 
are farmed to curates, by the diocesan bishops ; the income arises from bmBs and 
burials ; so that to conceal the former, they must likewise the latter; and they 
never exhibit a faithful register. 

3 . That tliere are more women than men bom in the east, seems .a figment of 
travellers, rather than founded in truth ; it is scarcely to be known where poly- 
gamy is lawful. The apparent conclusion may seem natural, because many of 
-the harems of the opulent, especially in the great cities, are numerous: but these 
are not composed of the natives of those cities, but are brought from countries where 
the Christian rites are observed ; in time of peace, from Georgia, and in war 
from Hungary and Russia, &c. so that if more women are found in such fa- 
milies than men, they must be considered as an extraneous production annually, 
or daily imported. 

4. Mr. P. affirms it as a tmth, that in general, Mahometans, notwithstand- 
ing their law, procreate less than Christians. The rich, who are the only persons 
that can maintain concubines, have seldom 4 or 5 children. Few exceed 2 or 3; 
many of the former, and most of the middling and poorer sort, have generally 
but one wife. The latter indeed exchange them with facility ; but yet we do 
not perceive they have a numerous progeny. He thinks this arises from a cause 
different from that which is commonly assigned, not from their being enervated 
by variety, but rather from their law. The frequent ablutions, required by the 
doctrine of purity and impurity, perhaps may check the natural passion; or when 
it is at its height, they find themselves prohibited enjoyment. 

5 . Inoculation is practised at present among the Greeks, and, notwithstand- 
ing religious scruples, among the Romanists : with the few he had known, it 
generally succeeded ; but the numbers will not admit of comparison. There 
are not perhaps 20 in a year inoculated. The Timoni family pretend, that a 
daughter had been inoculated at 6 months old, but afterwards acquired the small- 
pox in the natural way, and died at 23 years. The evidence » doubtful. Ti- 
moni’s account is incorrect ; his facts are not to be depended on. Pylarini's is 
•more exact. It was neither Circassians, Georgians, nor Asiatics, who introduced 
the practice. The first woman was of the Morea ; her successor was a Bosniac; 
they brought it from Thessaly, or the Peloponnesus, now Morea. They pro- 
perly scarified the patient, commonly on many parts, sometimes on the forehead, 
under the hair, sometimes on the cheeks, and on the radius of the arm. A 
father told Mr. P,, that the old woman not being able, through age, to make 
the incision on his daughter, with the razor, he performed that operation. The 
-needle has also been used. The Turks never inoculate : they trust to their 
fatum. Whence the method had its origin seems here unknown. A Capuchin 
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friar was on a mission in Georgia for above 16 years; he has returned about £ 
years ; he is a grave sober man, who gives an historical account of the virtues* 
and vices, good and evil, of that country, with plainness and candour. The 
usual introduction and security of these missionaries is the pretence to the 
practice of physic, that in destroying bodies they may save souls : so that this- 
honest: man, who is extremely ignorant, was in high reputation both as physi- 
cian and confessor. It was therefore impossible, as he himself observes, that 
either the public or private practice of inoculation could be concealed from him j 
but he has most, solemnly declared to Mr. P. repeatedly, that he never heard 
one word about it at Akalsike, Imirette, or THRis ; he is persuaded, that it has- 
never been known among them. He has often and frequently attended the 
small-pox, which is almost certain death there ; and generally, if not always, of 
the confluent kind. 

6. Printing was introduced by an Hungarian renegado; who called himself 
Ibrahim Efiendi : it had no long continuance. Hie copies are not many, and 
are now very dear and scarce ; few even to be bought. The maps did not exceed 
3 or 4; one of Persia, one of the Bosphorus, and one of the Euxinus, or Black- 
sea ; they are not to be found but in private hands. All our maps of these 
countries are extremely imperfect and incorrect. The jealousy and superstition 
of the people, though the government should permit Christians to raise any 
printing-house, would be an irresistible impediment ; and they are too ignorant 
themselves to be ever capable of doing it. The adoptive son of this Ibrahim. 
EfFendi, who bears the same name, is secretary under the interpreter of the 
Porte; he has all the materials for printing, but never could find, since his* 
father’s death, and during Sultan Mahmud’s reign, money to carry it on. Hie 
question is now, whether Sultan Osman is not too strict a mussulman to continue 
the permission. 

7. The progress of arts and sciences, and literature, seems travelling on, gra- 
datim, to the westward, from Egypt to Greece, from Greece to Rome, thence 
to the west of Europe, and he supposes at last to America. We find few traces 
in the east : the Greeks, who should be the depositaries of them, are the same 
Greeks they ever were, Homines contentionis cupidiores quam veritatis. They 
have retained all the vices, imperfections, ill habitudes, of their ancestors; but 
have lost all their public spirit, and public virtues. The clergy, who should 
support the whole machine of learning, are themselves the source erf ignorance; 
all their talents and acquisitions consist m bribing among the Turks, and sollicit- 
ing to destroy one patriarch, in order to make another - T to raise from a curacy 
to a bishoprick, and to exchange from an indifferent one to a better. They 
endeavour to cultivate literal Greek, and some study it, bet advance no further. 
These aip neither grammarians,, critics, historians, nor philosophers,, among 
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them; nor have they proper preceptors or masters to instruct. They have formed 
a sort of an academy at Mount Athos, for their youth, which will scarcely sur- 
vive the person who has undertaken it : he has himself but the mere elements of 
science. However, his desire of knowing may improve him ; and he may per- 
haps lay the foundations in some youth with success. 

The Turks have many books among them, though exceedingly dear ; folios 
he had seen cost 100 to 2 and 300 dollars each; i.e. from 151. to 45l. The 
few printed folios, some of which he picked up some years before, cost 5l. to 61. 
sterling. Their scribes spend many years about a few copies. Their learning 
consists principally in abstruse metaphysics: some few touch the surface of 
science. He had looked out with great industry for old Arabian manu- 
scripts in the mathematical way : what they brought him were translations of 
some propositions of Euclid, Theodosius, Archimedes, and Apollonius. They 
have some parts of Aristotle ; but their favourite philosophy is the atomical or 
Epicurean, which with them is called the Democritical, from Democritus, 
Many of their speculative men have adopted that system, and conform to it in 
their secret practice. The institutes and practice of physic are taken from Galen. 
Eben Zyna, or Avicena, is a principal guide : Mathiolus is known. But with 
all this, as the sole drift and end of their study is gain, there does not seem the 
feast emulation towards true knowledge : so that the state of letters may be said to 
remain deplorable, without the least glimmering or remote prospect of a recovery. 

P. S. Mr. P. corrects the report of the Capuchin concerning inocula- 
tion in Georgia. One of their physicians, a most ignorant fellow, who 
lives by his profession here, avers tliat, among those who follow the true 
Georgian rites, not Romanists, the practice is common. It has its rise from 
mere superstition. He tells us, “ That the tradition and religious belief of 
that people is, that an angel presides over that distemper; that therefore, to 
show their confidence in him, and to invite him to be propitious, they take a 
pock from the sick person, and, by a scarification, they insert it in one in health, 
generally between the fore-finger and thumb. It never misses its effect, and the 
patient always recovers. To attract the angel's good-will more effectually, they 
hang the patient’s bed with red cloth or stuff) as a colour most agreeable to him. 
He has been assistant to this practice, and declares it to be common.’’ The 
Capuchin acknowledges, that it might be among the Georgians the Doctor men* 
tions, and not have fallen under his knowledge. 

* 

XXII. Extracts of Two Letters to Thomas Hollis , Esq. concerning the late 
Discoveries at Herculaneum, p. 109. 

Near the royal palace at Portici, has been discovered a large garden, with a 
palace belonging to it. In one room of this palace was found a mosaic pavement^ 
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made up of different coloured stones. It represents a city surrounded w ith walls, 
having 4 towers, one at each comer ; and has since been taken up, to be placed 
with other beautiful antique pavements in the king’s gallery. 

Extract of a Letter from Camilla Paderni , dated at Naples, Jan. 1755. 

October 22, 1754, was found a bust in bronze, larger than the life, and of 
excellent Greek workmanship ; which from some circumstances may be thought 
to be a Syrian king. It has eyes, of white marble, like many other busts, which 
have been met with. November 27, was discovered the figure of an old fawn, 
or rather a Silenus, represented as sitting on a bank ; with a tyger lying on his 
left side, on which his hand rested. Both these figures served to adorn a foun- 
tain, and from the mouth of the tyger had flowed the water. This Silenus was 
of bronze, and of good workmanship. The head was crowned with ivy, the 
body all over hairy, and the thighs covered with a drapery. 

From the same spot were taken out, November 29, three little boys of bronze, 
of a good manner. Two of these are young fawns, having the horns and ears 
of a goat. They have silver eyes, and each a goat-skin on his shoulder, in 
which they anciently put wine, and through which here the water issued. The 
third boy is also of bronze, has silver eyes, is of the same size with the two for- 
mer, and in a standing posture like them, but is not a fawn. On one side of 
this last stood a small column, on the top of which was a comic mass, that 
served as a capital to it, and discharged water from its mouth. All the figures 
before described are two palms in height without their bases. 

December 16, in the same place were discovered another boy, with another 
mask, and 3 other fawns ; in all respects like those which were found the 27 th 
and 29th of November, except that there was no tyger. Besides these, they 
met with 2 little boys in bronze, somewhat less than the former. These like- 
wise were in a standing posture, had silver eyes, and held each of them a vase, 
with handles, on his shoulder ; hence the water flowed. They also dug out an 
old fawn, crowned with ivy, having a long beard, a haiiy body, and sandals on 
his feet. He sat astride on a large goat skin, holding it at the feet with both 
his hands, from which had issued a larger quantity of water than from the 
other# ; though the fawn himself is of the same size with the former. 

All the above-mentioned figures were taken out of a place not exceeding 8 
palms square, and were covered with the ruins of the building ; for they were 
not in a garden, but in a room paved with mosaic work, the remaining part of 
which we are now going on to examine. We have likewise found a large 
quantity of household furniture, made of earthen and iron ware, and some glass. 
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XXII 7. On the Books and Ancient Writings dug out of the Ruins of an Edifice. 

near the Scite of the old City of Herculaneum. Translated by John Locke, 

Esq. F. R. S. p. 112. 

Within 2 years last past, in a chamber of a house, or more properly speaking, 
of an ancient villa, in the middle of a garden, has been found a great quantity 
of rolls, about a palm long, and round; which appeared like roots of wood, all 
black, and seeming to be only of one piece. One of them falling on the ground, 
it broke in the middle, and many letters were observed, by Which it was first 
known, that the rolls were of papyrus. The number of these rolls, Were about 
1 50, of different sizes. They were in wooden cases, which are so much burnt, 
as are all the things made of wood, that they cannot be recovered. The rolls 
however are hard, though each appears like one piece. The king has caused in- 
finite pains to be taken to unroll them, and read them ; but all attempts were in 
vain; only by slitting some of them, some words were observed. At length 
Sig. Assemani, being come a second time to Naples, proposed to the king to 
send for one Father Antonio, a writer at the Vatican, as the only man in the 
world, who could undertake this difficult affair. It is incredible to imagine what 
this man contrived and executed. He made a machine, with which, by the 
means of certain threads, which being gummed, stuck to the back part of the 
papyrus, where there was no writing, he begins, by degrees, to pull, while with 
a sort of engraver’s instrument he loosens one leaf from the other, which is the 
most difficult part of all, and then makes a soft of lining to the back of the 
papyrus, with exceedingly thin leaves of onion, if I mistake not, and with some 
spirituous liquor, with which he wets the papyrus, by little and little as he un- 
folds it. All this labour cannot be well comprehended without seeing. With 
patience superior to what a man can imagine, this good father has unfoHed a 
pretty large piece of papyrus, the worst preserved, by way of trial. It is found 
to be the work of a Greek writer, and is a small philosophic tract, in Plutarch’s 
manner, on music; blaming it as pernicious to society, and productive of soft- 
ness and effeminacy. It does not discourse of the art of music. The beginning 
is wanting, but it is to be hoped, that the author’s name may be found at the 
end; it seems however to be the work of a stoic philosopher; because Zeno is 
much commended. The papyrus is written across hi so many columns, every 
one of about 20 lines, and every line is the 3d of a palm long. Between co*- 
lumn and column is a void space of more than an inch. There are now unrolled 
about 30 coiumns; which is about a half of the whole; this roll being one of 
the smallest; the letters are distinguishable enough. Father Antonio, after fie 
has loosened a piece, takes it off where there are no letters; and places it be- 
tween two crystals for the better observation; and then, having an admirable 
talent in imitating characters, he copies it with all the lacunae, which are very 
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numerous in this scorched papyrus, and gives this copy to tlie Canon Mazzocchi, 
who tries to supply the loss, and explain it. The letters are capital ones, anti 
almost without any abbreviation. The worst is, the work takes up so much 
time, that a small quantity of writing requires 5 or 6 days to unroll, so that a 
whole year is already consumed about half this roll. The lacunae, for the most 
part, are of one or two words, that may be supplied by the context. As soon as 
this roll is finished, they will begin a Latin one. There are some so voluminous, 
and the papyrus so fine, that unrolled they would take up 100 palms space. 

XXIV. On the several Earthquakes lately felt at Constantinople. By Jafnes 

Porter, Esq. p. 115. 

This paper is quite unimportant, containing only some trite remarks on the 
Wind and weather, and accounts of some very trifling earthquakes that lately 
happened, with no circumstances of any consequence. 

XXV. Letters of Henry Eeles, Esq. concerning the Cause of the Astent of 
Vapour ami Exhalation , and those of Winds', and of the general Phenomena 
qf the Weather and Barometer, p. 124. 

It is agreed, that the ascent of vapour and exlialation through the air may be 
effected in two ways, by impulse, and an alteration of their specific gravity. 
That vapour does not generally ascend by impulse, may be proved by many fami- 
liar experiments, viz. put boiling water into a vessel; then empty it, and hold 
the vessel with the aperture downwards; the vapour, which is afterwards expelled 
from the vessel, must be m a direction downward; but we find, that as soon as 
it has got but a very little below the rim of the vessel, it has its direction altered, 
and ascends by the laws of specific gravity. The same thing may be observed in 
all boding vessels, where the vapour is emitted in a direction downward; or, in 
cold weather, whoa the vapour of a man’s breath may be seen, let him breathe 
do wn w ard , and the direction of his breath will be presently altered, as in the 
former case. Since then vapour ascends without any other impulse than that 
which is incident on all bodies ascending by the laws of specific gravity ; it is 
necessary to inquire, how the specific gravity of vapour is altered, to cause its 
ascent. This is generally supposed to be done by filling vesicles of water with 
rarefied air, till the diameter of the vesicle be 1 0 or more times the diameter of 
a drop of water, composed of the same constituent particles; and that the vesicle, 
by this means, becomes specifically lighter than air. But Mr. E. thinks that this 
cannot be done so easily as it has been generally imagined; and when done, it 
■will not fee sufficient for the purpose; which he infers from the following consi- 
derations. First, the great difficulty in forming those vesicles, especially of the 
'particles of dty bodies carried off by exhalation, and filling them with rarefied 
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air, while the exterior air remains condensed. Secondly, that there is not any 
allowance made for the weight of the included air. Thirdly, the constituent 
particles of water are but very little, if at all altered in their specific gravity. 
Fourthly, that this thin vesicle can never be a sufficient boundary between the 
exterior condensed air and the interior air, so exceedingly rarefied. 

Rejecting these popular opinions, as to the cause of the ascent of vapours and 
exhalations, Mr. E. observes that it now remains to inquire, by what means this 
may be done; since neither impulse, rarefaction of the air, nor any formation of 
their parts by expansion, seem sufficient for the purpose. There appears to him 
but one way of altering the specific gravity of the particles of vapour and exha- 
lation, to render them lighter than air, which is by adding to each particle a suf- 
ficient quantity of some fluid, whose elasticity and rarity are exceedingly greater 
than that of the air. That the fluid or fire of electricity is such, will be easily 
granted; but how far it is adapted to this purpose, w r e must inquire from exp^ 
riments. For the purpose is great; no less than all vegetation and animal life 
depending on the ascent and descent of vapour and exhalation. 

Mr. E. says he has made some experiments, by which it appears that all fumes 
arising from fire, whether blazing or otherwise, and all steams rising from boiling 
or warm waters, and from all other fluids, and the breath of man, and of all 
other animals, and all the effluvia thrown off by perspiration, are strongly elec- 
trified. But he now only mentions a few. First, that desultory motion, by 
which it flies off from an electrified body to any number of non-electrics, which 
are brought within the sphere of its activity and affection, till it be equally dif- 
fused through all. Secondly, that the sphere of its activity is increased by heat. 
Thirdly, that this fire does not mix with air. Fourthly, that it intimately per- 
vades water, and many other bodies, covering their superficies to a certain dis- 
tance; which distance is not in proportion to the bulk of the body electrified, 
but in proportion to the state of activity of the electrical fluid. Fifthly, this 
electrical fluid readily joins with any fire which fumes, tor rather with the blaze 
or fumes of any fire; but will not mix or fly off with the fire of red-hot iron, 
or any other metal, which does not fume. 

Now, to show that this electrical fire or fluid is the principal cause of the as- 
cent of vapour and exhalation, we need only prove that it attends all vapour and 
exhalation, and that in such quantity, as is necessary to render them specifically 
lighter than the lower part of the atmosphere. He does not, undertake to deter- 
mine, by what cause vapour and exhalation are detached from their masses, 
whether by the solar or culinary fire, or by the vibrations of the electrical fluid 
rendered more active by those fires ; though he thinks the latter. But it is evi- 
dent, that they are emitted in exceedingly minute distinct particles, and that 
these particles must pass through that electrical fluid; which surrounds the sur- 
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face of the mass; and that, by that means they must be equally electrified with 
the mass, that is, they must be covered with the electrical fluid to as great a 
distance from their superficies as the mass is covered ; which must always be in 
proportion to the state of activity of the electrical fluid. In which state, when 
they have passed the surrounding fluid, they must be repelled by it; and also 
repel each other; and if each particle of vapour, and its surrounding fluid, oc- 
cupy a greater space than the same weight of air, they must be fitted to ascend 
till they come in equilibrium with the upper and rarer part of the atmosphere; 
where they must float, till their specific gravity is altered. As it is very difficult 
to assign the magnitude of each particle of vapour and exhalation, and that of 
the surrounding fluid; and to show that both, taken together, occupy a greater 
portion of space than the same weight of air; we can only apply to experiment, 
>to show that it is possible that it may be so; and that will show, that in all pro- 
bability it is so; since it is evident, that every particle must be endued with a 
portion of this electrical fire or fluid; and that there is not any other sufficient 
cause assigned for their ascending. 

It is evident, , that on electrifying any light matter, such as down, or the 
downy parts of feathers, their specific gravity is much lessened; and that, by 
holding another electrified body under them, they may be driven upwards at 
pleasure. It is also evident, from experiment, that the more you divide the parts 
of such bodies, the more of their specific gravity they will lose by being elec- 
trified ; and by diriding them into very minute parts, that they ascend to a con- 
siderable height after they are electrified. Hence he thinks it highly probable, 
that the exceedingly small particles of vapour and exhalation may be, and are, 
sufficiently electrified, to render them specifically lighter than the lower air ; and 
that they do ascend by that means. And that they will ascend proportionally 
higher, as the surrounding fluid is proportional ly greater than the particle which 
is carried up. 

Mr. E. then endeavours to show that the ascent and descent of .vapour and 
exhalation, attended by this fire, is the principal cause of all our winds. It 
}>emg admitted that -wind is only air put into motion, many have been the con- 
jectures how that motion is caused. Among which, the motion of the earth, 
and the air’s being rarefied by the sun, 6eem to stand first. The trade winds 
being most regular, and occupying a considerable part of the globe, it has been 
thought proper first to account for them, from the afore-mentioned causes. But 
be thinks that these causes, by themselves, are not sufficient for the motion of 
those winds, and much less so for the irregular motion of all the other winds. 
If the apparent motion of the air was occasioned by the diurnal revolution of 
the earth from west to east, by the air’s being left behind, the motion must be 
found, more regular, and very different from what it is; for in that case the 
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greatest motion must be at the equator, and from thence lessen gradually to the 
poles; and must be continued ajways equally one way, both day and night, and 
at all seasons. But we find quite the contrary: the most gentle gales blowing 
at the equator and between the tropics pretty steadily, one way all day long, and 
dying away at night; while high winds and storms, blowing all manner of ways, 
are found in the higher latitudes. Neither does he think that the sun’s rarefying 
air can simply be the cause of all the regular and irregular motions found in the 
atmosphere; but he thinks the cause is the ascent and descent of vapour and 
exhalation, attended by the electrical fire, or fluid. 

Now, all the vapour and exhalation, raised in the torrid zone, being buoyed 
up by the electrical fire, must add a column to the air, though of a different 
matter, at least 1000 times greater than the vapour and exhalation taken up; 
which column must necessarily force the adjacent part of the incumbent air up- 
wards, and must as necessarily be reacted on by the incumbent air, to restore 
the equilibrium of the whole air. And as it cannot be readily forced down again, 
it must float oft', at that altitude, toward those parts where little or no addition 
has been made to the atmosphere; and by that means must propel the air on the 
horizontal level with it, and that below it, as it is itself propelled by the weight 
of the incumbent air. And that motion must he from the equator, where the 
greatest quantity of vapour, Itc. is raised, toward the poles, and partly to the 
west; aa the column of vapour is shvays rising from east to west, as the earth 
turns toward the sun. For here we must conf&a, that . the. sun is the great agent 
in detaching vapour and! exhalation from their masses; whether he acts immedi- 
ately by himself, or by his rendering the electric fire more active ha. its vibrations; 
but their subsequent ascent Mr. E. attributes entirely to their being rendered 
specifically lighter than the. lower air, by their conjunction with this electrical 
fire. The fire, which surrounds the vapour, beginning to condense, and the 
vapour to subside, in passing the tropics, becomes a greater pressure on the air 
beneath, and by that means forces some part back into the tropics, in the place 
of that air protruded by the ascent, of the vapour, &c. and the remainder ia a 
direction toward the poles; The common rotation of the air in coining in below; 
to supply the place of that part carried up by any fire, may explain this motion. 
To, show how this motion must tend to the west, we must consider, that the 
column of air, raised by the ascending vapour, &c. ia at its greatest altitude to 
the east, and therefore must press that air to the westward) which ia' continually 
pr-otruded by the' vapours, Sec. beginning to ascend from east to west; and the 
compressed air at the tropics must tend, to the westward, till their, forces meeting 
make the motion entirely to the west. The air itself being rarefied, and: carried 
up by the reflection of the intense heat of the sun, may be a considerable addi- 
tional cause of these trade winds; but never can be the sole cause of all the 
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erratic Winds. To account for all the irregular winds within the tropics, he 
says, that where such happen, it must be by means of some tracts of land, which 
rise to a greater height above the horizontal level, than vapours generally do ; by 
which the motion of the vapours is stopped, and the vapour accumulated by 
succeeding vapout, and the air, oh Which they float, is of consequence pressed 
mtO a new direction. Afid front hence tnay also be explained the cause of the 
rains, particularly 60 Called in the sea language* 

He next considers what becomes of the vapour* &c. floating from over the 
tropics toward the poles; which being less affected by the heat of the sun, re- 
flected from the surface of the globe, the surrounding electrical fire begins to 
condense more and more as it moves toward the poles, and the vapours of course 
to descend; aiid that part' most, Which is most remote from, or is farthest left 
behind by the suri ; and of consequence the higher column of air must tend 
that way to festofe the equilibrium; which motion, at this side the equator, must 
be to the north-east; and as the vapour, &c, fall again to the earth* the motion 
must be more to the Cast. Hence our south-we6t and' westerly winds* which 
blow a considerable part of the year. ' ' 

But as this system is too regular to account for the phenomena of the erratic 
winds, he considers whence they arise. He had before observed, that tracts of 
land rising into the atmosphere will stop the regular motion of the vapour, 8cc* 
and that the vapohf being accumulated by succeeding vapour, the subjacent air 
must be pressed ihto new directions Now this cause, added to the daily dilata- 
tion of the electrical fire, and the contraction at night, and the coalition of the 
vapours, to occasion their total descent, will be sufficient to produce a very great 
Variety of winds on this side the tropic. 

It now remains to show, how the general phenomena of the weather and bard* 
meter arise from this system. First* Why it generally rains in winter, while 
the wind is south, south-west, and westerly. Secondly, Why north-west Winds 
ate generally attended by showers in the beginning, and become more dry, as 
they are of longer continuance. Thirdly, Why north and north-east winds are 
generally dry. Fourthly, Why the east wind continues dry and dark for a' Cota- 
siderable time together. Fifthly, Why squalls precede heavy and distinct 
showers;- and why a' calm ensues for some little time after they are passed* 
Sixthly, Why storms and high winds seldom happen in a serene sky without 
clouds. Seventhly, Why the vapours, in warm seasons, coalesce to form those 
distinct dense clouds, which produce thunder and heavy showers. Eighthly 
Why the barometer falls lowest in long continued rains, attended by winds; arm 
Why. it rises highest in long continued fair weather; and why the intermediate 
changes happen. Ninthly, Of land-breezes and seo-brCeces, and water- spouts. 
«• First, the vapours passing the tropics into colder regions, havfe their -eur- 
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rounding fire condensed by degrees; which must increase their specific gravity, 
and lessen their repulsive power: by which means they must both descend and 
approach each other, till at last they form dense visible clouds ; and these clouds 
are also accumulated by other succeeding vapours, of like specific gravity, till 
they form clouds, which are often several hundred yards in depth, as is often seen, 
in passing through them up the sides of very high mountains. In clouds of such 
depth, he thinks the coalition of their particles to. form drops, may arise from 
their motion, and the order of specific gravity. Hence he thinks the excess of 
electrical fluid will run off among the other particles; by which means the en- 
larged particles have their specific gravity increased, and are enabled to descend 
to a lower region of the air. And the more particles they impinge on, in their 
descent, the more their specific gravity and velocity will be increased; and the 
more their velocity is increased, the more particles will they impinge on, till they 
fall from the clouds in drops ; whose size will be according to the depth and den- 
sity of the cloud they have passed through. , 

Having remarked on several of the other particulars above enumerated, in a 
diffuse and uninteresting manner, Mr. E. then adverts to something of land- 
breezes and sea-breezes, a phenomenon w'hich sometimes happens in fair settled 
weather, when the wind blows out from the land at night, and in from the sea at 
day-time. The land-breeze is occasioned by the descent of the clouds, and the 
particular formation of the land; for if the land rise into a hilly country from 
the sea, when the clouds and vapours ascend at night, which they often do by 
the electrical fluid being condensed, they must press the air down the land to- 
ward the sea in their fall; as may appear from the smoke of any fire running 
down the side of a hill, in the evening of a damp day, when the clouds are on 
the descent. And the sea-breeze is occasioned by the clouds ascending in the 
day-time, which must impel the incumbent air upwards, and make room for the 
sea-breeze to flow in; but, beside the mere ascent of clouds, there is an exceed- 
ingly greater quantity of vapour raised from the land than from the sea; For the 
same extent of land has an exceedingly greater surface than the same extent of sea; 
which may appear from the various forms of vegetables and animals, &c. and 
the greater the surface, the greater will be the evaporation. Beside, the more 
irregular these surfaces are, the greater will be the reflection and refraction of 
the sun’s beams, which will increase their power. And it is also necessary that 
the evaporation should be much greater from vegetable and animal fluids, than 
from fluids in a quiescent state, to carry on a circulation for the great work of 
nutrition. Now the ascent of these vapours must beget a circulation of the air 
inward from the sea; in the same manner as the ascent of vapours from any fire 
brings in the air below to that fire. 

As to water-spouts, he says they are oddly described by the learned, as being 
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great columns of water sucked- up from the sea by the clouds. But he says he 
never saw any such; nor could he find, on inquiry from many honest men, who 
have sailed almost all the known seas, that they ever met any such ; and there- 
fore he does not believe that there are any such. There is indeed an appearance 
something like their description, which may have given rise to their conjectures; 
but this is no more than a very heavy shower from a very dense cloud, which is ' 
drawn into a conical form, and a very narrow compass at bottom, before it arrives 
at the sea, which it dashes with great violence in its fall. 

Dr. Birch, the secretary, by order of the Society, having desired to know the 
experiments, by which Mr: E. found all ascending vapours and exhalations to be 
electrified; answers, at first he only supposed they must be so, according to the 
reasonings in his letter; but on trial, with a very simple apparatus, he convinced 
himself that they were so. He extended a fine string of silk, 8 feet horizon- 
tally, and from the middle suspended 2 pieces of such down as grows on the 
turf-bogs, by 2 pieces of fine silk, about 12 inches each in length; and then, 
by rubbing a piece of sealing-wax on his waistcoat, he electrified the pieces of 
down; and then brought sundry burning things under them, so as to let the 
smoke pass in great plenty through and about them, to try whether the electric 
fluid would run off with the smoke; but he observed that the down was but a 
little affected by the passage of the smoke, and still remained electrified. He 
then brought sundry steams from the spout of a boiling tea-kettle, and other- 
wise, in the same manner, and still found that the down remained electrified. 
He then breathed on them in great plenty, but found that the down still remained 
electrified. He then joined the “palms of his hands together, with the fingprs 
extended perpendicularly under the down, which still remained electrified ; though 
the subtile effluvia, thrown off by perspiration, passed in great plenty through 
the down; as may appear by holding one or both the hands in the same manner 
under any light matter floating in the air, which will be driven upward, with as 
great velocity as an electrified feather is by any electrified body held under it. 

The electricity remaining in the electrified down after these experiments, made 
it appear that the smoke and steams must be either electrics, or non-flectrics 
electrified. It was easy to suppose them non-electrics, as they arise from non- 
electric bodies; and the more, because the highest electrics by a discontinuity 
and comminution of their parts, long before they come to be as minute as the 
particles of ascending vapour, become non-electrics, or conductors of electricity: 
For glass, resin, wax, &c. all become non-electric, even in fusion. But to try 
whether the steams, &c. were non-electrics, he only bedewed the wax and glass 
with his breath, steams, &c. from his hand to the end of the wax and glass; 
and then touching the electrified down with the end of the wax or glass, he found 
that the electrical fire immediately passed from the down into his hand, through 
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the steams, &c. which rested on the wax and glass. Which he thinks-suffici- 
ently proves the steams, &c. to be non-electric; and he thinks that it as plainly 
appears, that they are all electrified while ascending, because the electrical fire in 
the down does not join with them in their passage through it; which otherwise 
it would do with them, or any non-electric not electrified. 

XXVI. Remarks on a Petrified Echinus of a singular kind. By Ja. Parsons, 

M.D.,F.R.S. p. 155. 

This echinus was found on Bunnan’s-Land, in the parish of Bovingdon in 
Hertfordshire, which is a clay, and supposed to have been brought with the 
chalk, dug out of a pit in the field. The round echinites are for the most part 
found in chalk-pits, and they are in general, when recent, the most tender in 
their shells; so that the chalk is the most favourable bed for them to be preserved 
in long enough to be petrified; whereas in other kinds of matter, these would be 
mouldered and destroyed before the petrification could commence; and it is very 
singular, that almost all those in the chalk are filled with flint, or partly chalk 
and partly flint, and sometimes with crystal. New, as all flints and agates are 
nothing else but crystal debased by earth, and as it is in beds of chalk that these 
as well as multitudes of large stones are found, one would be almost induced to 
believe, that chalk degenerated into flint; or, in other words, that flint was pro- 
duced by chalk originally. And Dr. P. 6ays he had many specimens, that seem 
to prove it; in some of which they seem to show the gradual change from the 
one to the other, not at all like a sudden apposition of chalk to flint. 

Other kinds of echinites, such as the echjni cordati, or heart-shaped echinite, 
the pileati or conic, the galeati or helmet-shaped, with several other kinds, are 
often formed of other species of stony particles. But the present fossil, being 
one of the oval kind, with large papillae, is the echinometra digitata secunda 
rotunda vel cidaris mauri of Rumphius, which, with the other oval echinites, are 
very rarely found out of chalk; and it is remarkable, that whether they are filled 
with chalk, flint, or crystal, their shells break with a selenitical appearance, just 
as the lapides judaici, and all other species of echinites found in chalk-pits, do. 

XXVI 1. On Toxicodendron. By the Abbe Mazeas, F.R.S. From the French. 

p. 157 . * 

The Abb£ Sauvages, of the Royal Acad, of Montpellier, communicated a 
discovery of a plant, the juice of which adheres, without the least acrimony, to 
a cloth, with more force than any other known preparation. The colour is black, 

* The vegetables mentioned in this paper, as well as in the following letter by Mr. Miller, belong 
to the Linnean genus rhiu. 
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and the plant, which produces it, is the toxicodendron carolinianum foliis pin- 
natis, floribus minimis herbaceis. Abbe M. found also a plant of the same 
growing in a garden at St. Germain, then only about 2 feet high. This tree is 
remarkable for its leaves, which are continued like wings the whole length of the 
twigs. He pulled off one of the leaves, the juice of which produced a brownish 
colour on his ruffle, but did not change black in less than 2 or 3 hours. 

He examined all the plants of the same class. Near this was the toxicoden- 
dron triphyllum folio sinuato pubescente, T. fill. Hederae trifoliae Canadensi 
affinis plants peregrins, arbor venenata quorundam, H. R. par. 84. Arbor tri- 
folia venenata Virginians folio hirsuto, Raii. hist. 1799* This plant was not yet 
above 3 feet high ; its leaves are hairy ; their pedicles, ribs, and fibres, are red ; 
a leaf being pulled off, a milky juice issued from the pedicle, which being put 
on linen, became a finer black than the former, in less than half an hour. 

In this botanical garden he saw another species of toxicodendron; this how- 
ever was only a shrub, and appeared to be at its full growth. It is the toxico- 
dendron triphyllum glabrum, T. 61 1. Hedera trifolia Canadensis Com. 96, vitis 
sylvestris trifolia. Park. Theat. 1556 . This plant is remarkable for having an 
infinite number of black points scattered on the surface of its leaves, which 
seemed to be a juice extravasated through the punctures of insects.' A leaf 
bong pulled off, a milky juice flowed out, which, the instant it was exposed to 
the sun, became the finest and deepest black he had ever seen. 

The Abb€ thinks that if these two trees of Carolina were of their proper 
height, they would produce as fine a colour as this last shrub. He put the linen 
marked with the three black spots into a boil of soap, and it came out without 
the least diminution of the colour of the spots. When this linen was dried, he 
threw it into a strong lye of the ashes of green wood; and again it came out 
without the least alteration of the 3 shades of the spots, produced by the 3 
plants. He took a handful of the leaves of the toxicodendron glabrum, to try 
if it might be of use in dying; and made a very strong decoction of it; and 
while boiling he dipped linen in it: it was tinged green, but, besides its not being 
a good green, the whole surface was unequally coloured; for several places took 
a fine black: whence he concluded, that the resinous juice of the internal parts 
of the plant was the only part capable of producing the desired effect. He was 
confirmed in this notion, after having let the decoction settle; it first let fall a 
black resinous juice in small quantity, like the opium of the Shops: then a 
large quantity of a white sediment like a salt, which was quite tasteless on the 
tongue. The water appeared greenish above, and blackish towards the bottom 
of the vessel. 

He would have tried some experiments on the roots of this plant; but, as 
there was only one in the garden, he was afraid of injuring it. Perhaps the 
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fruit or seeds might produce some kind of dye. Probably in making incisions 
in the bark, a juice might be obtained which might be turned to some use; for 
the blacks of our painted cloths, which are preparations of iron with nut-galls,, 
after a certain number of washings, are quite spoiled, and only leave a rusty co- 
lour behind. But it is not so with the toxicodendron foliis pinnatis, since the 
Abbe Sauvages assures, that it was 5 years since his linen, marked with the juice 
of this plant, has retained the black spots, notwithstanding the great number of 
washings in lye it had gone through. 

On the Same. By Mr. Philip Miller, F.R.S. p. l6l. 

That the above communication of the Abb€ Mazeas might not appear in the 
Transactions of the b. s. as a new discovery, Mr. Miller gives the following brief 
account of what has been written on this subject. 

Dr. Kaempfer, in his Fasciculus Amaenitatum exoticarum, has given a figure . 
and description of this plant, which are so accurate, as to Jecve no doubt of its 
being the same plant as the Carolina toxicodendron. His book was printed at 
Lemgow, in 1712. His title of the plant is arbor vemicifera legitima, folio 
pinnato juglandis, ffuctu racemoso ciceris facie. And by the inhabitants of 
Japan it is called sitz vel sitz dsju, as also urus seu urus no ki. In the same 
book there is a figure and description of the wild vamish-tree, which he calls, 
arbor vemicifera spuria sylvestris' angustifolia ; and the inhabitants, fasi no ki j 
but the varnish which comes from this tree is of little esteem. 

The seeds which were sent to the r. s. some years ago, for those of the true 
vamish-tree, by the Jesuits at China, prove to be of this wild sort ; and the 
account which those fathers sent of the manner in which the varnish is procured, 
being so very different from that which is mentioned by Dr. Kaempfer, that 
he here transcribes it, as follows. They first slit the bark of the branches of 
the shrub, in different places, with a knife ; from these wounds there flows out 
a white clammy juice, which soon turns black when exposed to the air ; the 
same juice is contained in the leaves and stalks of the plant. This juice has no 
other tasteable quality but that of heating without turning sour, but it is dan- 
gerous to handle, being of a poisonous nature. When they make these incisions 
in the branches of the trees, they place wooden vessels under them, to receive 
the juice as it drops from the wounds ; and when these become dry, and will 
afford no more juice, fliey make fresh wounds in the stems of the shrubs, near 
their roots, so that all the juice is drawn out of them. They then cut down 
the shrubs to the ground, and from their roots new stems arise, which in 3 years 
is fit to tap again. This native varnish scarcely wants any preparation ; but if 
any dirt should hapj)en to mix with it, the Japonese strain it through a coarse 
gause, to cleanse it ; then put it into wooden vessels, covering it with a little of 
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the oil called toi, and stretching a skin over it to prevent its evaporating. The 
varnish exhales a poisonous vapour, which occasions great pains in the head, 
- and causes the lips of those who handle it to swell : on which account the arti- 
ficers, when they use it, are obliged to tie a handkerchief over their nose and 
mouth, to prevent these effects. 

The shrub is chiefly cultivated in the provinces ofTsi, Kocko, and Figo: and 
the best varnish in the world, he say9, is produced about the city Jassino : but 
there are many other sorts of varnish, which are collected in Siam, Corsama, 
and other provinces, which are much inferior in their quality to this, and are 
produced by different plants : but one of the best among those, he says, is pro- 
duced from the Anacardium, or Cashew-nut-tree. This is procured by perforat- 
ing the bodies of the trees, and placing a hollow tube into the hole, under 
which is put. a wooden vessel, to receive the liquor, as it flows through the tube; 
and when they have obtained as much of the juice as will flow out, they stop the 
holes made in the trees. This juice is white when it proceeds from the wounds, 
but changes black when exposed to the air. This varnish is used, without any 
mixture^ for staining black ; but the Chinese mix with it native cinnabar, or a 
red kind of earth, to make a different colour. 

Hie plant, which the Abbe de Sauvages mentions, is also figured' and described 
by Dr. Dillenius, in the Hortus Elthamensis, p. 3QO, by the title of Toxicoden- 
dron foliis alatis, fructu rhomboide, where he also quotes the description from 
Dr. Kaempfer, with the account as above mentioned ; and he has added all the 
synonyms from the different authors, who have mentioned the plant, and makes 
no doubt of its being the same with that of Japan, which, he says, should not 
seem strange, that a vamish-tree should be found in America, near the same 
latitude with Japan ; since the Genseng, the Bignonia, commonly called Catalpa, 
with many other plants, are found to be natives of both these countries. And 1 
he questions, if the tea-tree might not be discovered in America, if persons of 
skill were there to search for it. And he is surprised, that the inhabitants of 
the English colonies in America have not attempted to procure the varnish, by 
which a considerable profit may arise to them, as the plant grows naturally in so 
great plenty there. 

Mr. Catesby, in his Natural History of Carolina, vol. i. p. 40, has given a 
very good figure and description of this plant : he calls it toxicodendron foliis 
alatis, fructu purpureo pyriformi sparse. And he says the inhabitants of Carolina 
and the Bahama islands call it, poison-tree, and poison-ash, as the other 2 sorts 
of toxicodendron are called poison-oak in Virginia and New England. Mr. 
Cate3by takes notice, that from the trunk of these trees is distilled a liquid, black 
as ink, which the inhabitants say is poison ; but does not mention its being used 
there. There are two accounts of the poisonous quality of this tree, printed in 
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the Phil. Trans of the r. s. N° 367. The first was sent by the Hon. Paul Dud- 
ley, f.r.s. from New England, and the other was communicated by Dr. Wm. 
Sherrard, f.r.s. By both these accounts it is very plain, that this specie^ of 
toxicodendron grows naturally in Virginia and New England, in as great plenty 
as Carolina, where all the species are the most common under-wood, in the lands 
which have not been cleared. He adds, that as these shrubs are so very com- 
mon in our northern colonies, and the anacardium, or cashew nut-tree, is also 
common in our southern colonies of America ; it were to be wished that the 
inhabitants of both would make some experiments to collect this varnish, which 
may not only produce much profit to themselves, but also become a national 
advantage. 

X XL III. On the Method of Constructing a Table for the Probabilities of Life 

at London. By the Rev . Wiliam Brakenridge, D.D., F.R.S. p. 167. 

The great Dr. Halley, who had a singular faculty of applying his mathema- 
tical knowledge to the purposes of life, was the first who particularly attended to 
this subject. In the year 1 692, from the bills of mortality at Breslau, he reduced 
it into a sort of science ; and gave a table of the probabilities of life, that hitherto 
has been justly esteemed the most exact of any thing of the kind ; from which 
he and others have deduced many propositions, that are highly useful. But a 
doubt having arisen, whether that could properly, or with any accuracy, be used 
by us at London, as we are in a different country, and perhaps in a different way 
of life. Dr. B. has been at some pains to inquire into this, and satisfy himself 
about the objections. And he imagines that he can now show how that table 
may be altered, to suit our case with sufficient exactness. 

In the London bills of mortality, for the last 30 years, there is always added 
an account yearly of the number of burials under each age, at the distance of 
10 years, pnd of children more particularly under 2 years, between 2 and 5 , and 
between 5 and 10; which numbers are curious and useful. And though there 
may sometimes be some inaccuracies and omissions, these numbers are as exactly 
given as in our case can be expected : and what may be objected, is not so 
much to the incorrectness of them, as to what arises from our circumstances, 
that will not allow them to be proper to show the probabilities of life in all its 
periods. 

But if we compare the numbers of the dead,, in the several periods at Breslau, 
with those at London, we shall plainly see that the former show the decrements 
of life in a natural and regular way, and free from the difficulties and objections 
found in those of London. In the infant state, under 2 years of age, there is a 
5 h lost by death; but afterwards, as they gather strength, the deaths are di- 
minished till between 10 and 20 ; and from that age the mortality gradually 
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increases, till after the age of 40; when the number of the dead continues nearly 
the same, though the probability of life continually decreases till the age of 80 ; 
and then at length, the living being almost all exhausted, the burials are greatly 
diminished. All which seems to be agreeable to the course of nature ; but con 
trary to what we see in the London bills, especially after 50 years of age. How- 
ever, they both agree in this, that the most healthy age is between 10 and 20, 
and the infant state under 5 years of age the most uncertain for life. 

Indeed it must be acknowledged, that in computing the Breslau table. Dr. 
Halley had great advantages, which have made it so perfect. He had the num- 
ber of births given, besides the burials at the different ages, in an inland town, 
where there is no great concourse of strangers. But with us at London, the 
number of births is not known ; because of the number of Dissenters of various 
denominations, both foreigners and natives, of whose baptisms there is no ac- 
count taken ; which makes our bills at present very imperfect. For none are 
put into our bills but those who are baptized according to the form of our esta- 
blished church. And therefore there are some thousands omitted, and yet many, 
perhaps the one- half of them, who are not baptizedwith us, bury with us; which 
greatly perplexes our bills. And under this disadvantage it appears very difficult to 
make an accurate! computation of the decrements of life through the different 
ages ; though this defect he imagines he shall be able nearly to supply. 

There have indeed been some ingenious men who have thought, that our 
London bills are. correct enough to form a table from them, which may better 
agree with our circumstances than that which Dr. Halley has given us. And 
Mr. Smart was the first who endeavoured to do something in this way, from our 
bills only, about 18 years ago. But, in the table made by him, he seems to 
have been greatly mistaken ; for he has made no allowance for the accession of 
strangers, but considered the numbers of the dead, in all the periods of life, as 
all come from those born here ; whereas it is evident that the strangers, above 
20 years of age, are at least equal to them. And this has brought this paradox 
into his table, that young people between 12 and 18, at London, are much 
more healthy than at Breslau, or in any country place in England. For accord- 
ing to him, in the 13th year, 2 die only out of 479 5 but at Breslau there die 6 
out of 634; that is, there is double the number die more at Breslau than at 
London ; which appears impossible. But between 30 and 40, he makes them 
much more unhealthy than they are; for at 40 he supposes one to die in IQ ; 
whereas there does not die above one in 30, all ages taken together, with infants 
included. Another ingenious gentleman, having seen this inconsistency, has 
endeavoured to correct it, by supposing that the number of strangers that come 
to settle in town, after 25 years of age, is inconsiderable ; and that above that 
iige, the numbers of burials may be considered, as arising from the natural de- 
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grees of mortality ; and then by proportion, increasing the numbers of the 
living corresponding to all ages below 25; so that the table, altered in this 
manner, is the same with Mr. Smart’s above that age. And it must be con- 
fessed, that this correction is very proper, and worthy of its author. But still 
the table is greatly defective, as he has made no allowances for the recess of 
great numbers who, after they have been a number of years in town, leave it, 
if they survive ; and of many others who, after the age of 50, retire from busi- 
ness into the country. And which is 60 very obvious, that our burials are fewer 
than by proportion they ought to be after 50 years of age, as mentioned above, 
and .by consequence the people appear more healthy after that age ; so that after 
70 they seem more healthy than at Breslau. For at 75 tliere appears from this 
table to die 4 out of 45, whereas at Breslau there die 10 out of 88. 

And that a great number retire from the town, after the age of 50, or before, 
is further evident, if we suppose, even according to this corrected table, that 
one in 25 die at the age of 50. For then the number of people alive, between 
40 and 50, will be greater than 2604 multiplied by 25, or 65100: which ought 
to be exhausted by all the deaths in the subsequent period. But all the deaths 
which ought to arise from that number of living, in the following years to go, 
according to the bills in the 3d column, is 5315 multiplied by 10, or 53150; 
which is less than the people that were alive between 40 and 50, by 11 950, or 
more. And therefore above 1 1000, of those between 40 and 50, must have re- 
tired from town. 

But now, as our bills are defective, it is next to be considered, what we at 
Tendon are to do at present, and what method of computation we are to follow? 
And Dr. B. imagines it is very obvious what may be done. Our bills may be used 
so far as 14 or 20 years ; for there is certainly no increase of our people till the 
age of 14; because few young people come to town till they are fit to be appren- 
tices or servants. And between 14 and 20, though many come at that time, 
yet there is an emigration of a great number from hence to sea, to other coun- 
tries, the universities, and country academies, that nearly balances the accession 
of strangers. And then, after 20 years of age, the Breslau bills will be suffi- 
ciently correct, to show the probability of life within and about the city. And 
if so, a table may be made from both bills, that will agree with our case here 
with sufficient exactness. For he cannot find that there is any difference in 
the bills, above the age of 20, that can be depended on. 

And from all considerations, he thinks it may be allowed, till it is otherwise 
demonstrated, by bills formed in a different manner from what they are at pre- 
sent, that the probabilities of life are much the same at London as at Breslau, at 
the age of 20 or after 14. And if we take this for granted, we shall from thence 
be able to form a useful table, for those within our bills, by accommodating and 
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joining the bills of both places together. And we may also nearly determine the 
number of infants bom here, which hitherto has not been considered. 

Now, from the births, which are found = 19561, and the numbers of the 
dead in the different periods known by our bills, it will be easy to form a table 
of the decrements of life ; because the dead in the intermediate years may be 
found by proportion from the Breslau table. And accordingly Dr. B. computed 
the following, which is constructed from the London and Breslau bills together; 
which he thinks is a surer method of computing for us at London, than from 
either of them alone. The first part to the 21st year, is done from our bills, 
and the other part from the Breslau ; but it is fonned in such a manner, that it 
goes cm as if from the bills of one place only. For, after the age of 20, it is 
continued by proportion, by making the dead at London in the decennial periods, 
to. have the same ratio to each other, as the dead at Breslau. It supposes IOOO 
persons bom in one year, and shows the annual decrease of them by death tiH 
87 years of age, which may be considered as the utmost period of life. The in- 
termediate numbers, marked d, show the dead in each year. The use of this 
table is well known to all who can compute the value of annuities for lives. 


Age. P ere. Age. Pert. Age. Pers. Age. Pers. Age. Per*. Age. Pers. Age. Pen. Age. Per*. 

1 1000 12 403 23 36l 34 311 45 248 56 17 6 67 99 78 28 

323d 4d 4 d ' '5d 6d 6d 7d 6d 

2 677 13 399 24 357 35 306 46 242 57 170 68 92 79 22 

127 d 4d 4d 6d 6d 6d 6d 5d 

8 550 14 395 25 353 36 300 47 236 58 164 69 86 80 17 

45 d 4 d 4 d 6 d 6 d 6 d 6 d 4 d 

4 505 15 391 26 349 37 294 48 230 59 158 70 80 81 13 

32 d 4 d 4 d 5d 7d 6d 7d 4d 

5 473 16 387 27 345 38 289 49 223 60 142 71 73 82 9 

26d 3d 4 d 6d 7 d 6d 7d 3d 

6 447 17 384 28 341 39 283 50 2l6 6l 136 72 66 83 6 

13 d 4 d 5 d 5 d 7d 6d 7d 2d 

7 434 18 $80 29 33 6 40 278 51 209 62 130 73 5 9 84 4 

9d 4d 5d 6d 7d 7d 7d Id 

8 425 19 376 , 30 331 41 272 52 202 6 3 123 74 52 85 3 

7 d ’ • 3d 5 d 6 d 7 d 6 d 6d Id 

9 419 20 373 31 32 6 42 2 66 53 195 64 117 75 46 86 2 

6d 4 d 5 d «d 7 d 6d 6d Id 

10 413 21 369 , 32 321 43 260 54 188 65 111 76 40 87 1 

6d 4d I 5 d 6 d 6d 6d 6d 

11 407 22 365 1 33 316 44 254 55 1S2 66 105 77 34 

„ 4 d 4 d 1 5 d 6 d 6 d 6 d 6 d 

XXIX. Of a Sheep, showed alive to the Royal Society, in November 1754, 
having a Monstrous Horn growing from his Throat ; the stujfed Skin of which, 
with the Horn in situ , was placed in the Museum of the Society. By Jan es 
Parsons, M.D., F.R.S. p. 183. 

This animal was bred in Devonshire, with the preternatural horn appearing at 

^ol. x. 4 H 
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its birth. The novelty of the thing made the farmer spare the life of the Iamb, 
and bring it up till it grew to the size of a well-grown sheep, pretty large of its 
kind, and about 3 or 4 years old. When it was brought before the Society, the 
owner said the horn weighed 26 lb.; and the creature swung it about, and raised 
it up with amazing strength. When he was fed, he moved forwards, letting 
the horn drag between his fore-legs, by which he was enabled to lay his nose to 
the ground ; for the skin, by which it hung, was flexible, and though reduced 
to a neck, with respect to the circuinference of the horn, yet it was hollow as 
well as flexible, leaving an open passage from the flesh of the neck to the cavity 
of the horn, and its contents. Sometimes the horn would come into such a 
position, as to twist the skin, which gave the sheep great uneasiness ; bat from 
experience he knew how to relieve himself, and from custom became ready at 
that, as well as bringing it between his legs to favour his feeding. It was in 
length along the convex or anterior surface, 2 feet 7 inches ; and on the concave 
side 2 feet 1 inch; its greatest circumference 2 feet 2 inches, middle circum- 
ference 1 foot 6 inches ; and near the apex 1 foot ; and its weight is now 15 lb. 
though emptied of its contents. 

It was said that on opening him there was found, in the top of the horn next 
the throat, which w r as hollow half-way down, a skull of a contracted round form, 
with blood-vessels running on it, and a bag filled with grumous blood, among 
which was a substance like a sheep’s liver and lungs ; and a perfect sound kidney, 
like that of a fresh loin of mutton. And this was attested by the names of 3 
house-keepers of credit, who were present when the animal was opened, and 
who, if required, were ready to make oath of it. ' • 

' • . ; r. | ... 

XXX. A Dissertation on the Cancer of the Eye-lids, Nose, Great Angle of the 
Eye, and its neighbouring Parts, commonly called the Noli-tn e-tangere, 
deemed hitherto Incurable by both Ancients and Moderns, but now shown to be 
as curable as other Distempers. Addressed to the R. S. of London by Mens. 
Daviel, Surgeon and Oculist to the King of France, &c. Translated from the 
French by James Parsons, M.D., F.R.S. p. 186. 

The examinations M. D. had made in these kinds of tumors had informed 
him, that cancers of the lids, nose, and adjacent parts, have all their seat in the 
periosteum, and perichondrium ; and that a cure cannot be expected without 
taking them entirely off : for the vessels that go from the cancerous tumor age 
s 6 strongly connected with the periosteum and perichondrium, that they seem 
but one body, which becomes at length so greatly swelled, that the very bone is 
often affected. When a wen or wart (which is often the beginning of a cancer) 
begins to appear, and it is attempted to be pulled off, it becomes irritated, ^nd 
spreads so that the edges are reversed, and become callous and livid, accompanied 
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with a pain, and all other symptoms which characterize the cancer. These 
kinds of wens, warts, and tubercles, which are situated in the great angle 
of the eye, or on the lids, or the nose, often shoot out their roots on the 
cartilages, that is, on the very membranes which cover them, and the roots 
sink in sometimes to the substance of the cartilage itself, which they swell and 
tear in the end. 

The more that cancers are touched with caustics, the more they are irritated; 
therefore there is but one method, but it is a sure one, of curing them, and 
hindering their progress ; which is, to take them off with a cutting instrument, 
destroying the periosteum and perichondrium, or even the lids, if the cancel" 
has penetrated diem in their substance, with their cartilages ; which the follow- 
ing observations will prove : 

Observ. 1 .— On a cancerous upper-lid. August 11 , 1736, M. Daviel was 
called to Madame de la Fague, a nun, at Bourdeaux, 45 years old ; for a tumor 
on the upper lid of the right eye, which she hacl for 20 years : it began by a 
small wen, and increased by degrees, so as very much to incommode her. She 
applied to a surgeon, who began by applying some drops of a liquid caustic, 
which enraged the tumor still more ; which he appeased again by anodyne me- 
dicines ; and then the tumor remained a long time without any sensible increase; 
though she felt a continual sharp pain in it. But, as even the least disorders 
are impatiently borne, die was willing to be relieved, and consulted another 
surgeon, who took off the tumor with a cutting instrument, and who, seeing 
that the ulcer, which was the result of the operation, did not heal, but on the 
contrary made great progress in its erosion, ' and became callous, he touched it 
with lapis infernalis ; and sometimes with a liquid caustic : which so much the 
mow increased the evil, and made her resolve to suffer no more applications, 
because all that had been tried made her worse and worse. She was now a long 
time in this state, when M. D. was called to consult with several other practi- 
tioners, who, having examined the case, agreed with him that there was no other 
method to be taken but the operation, not only to 6ave the eye, but to prevent 
an incurable cancer, which threatened her life. Therefore he proposed the total 
extirpation of the lid : which proposal being approved of by all, as the only me- 
thod of saving the eye, the operation was performed in the following manner : 

He passed a crooked needle, with a waxed thread, under the lid, by which 
he suspended and draw up the lid and tumor, which he cut off with the crooked 
scissars, as much as he could under the orbit, separating the whole to the divi- 
sion of the lids; a small haemorrhage ensued, but which was soon stopped with ' 
dry lint, and a dry compress and bandage. 

She remained 24 hours without being dressed ; was bled twice in the arm, 
after the operation ; he then dressed her up with light dossils, armed with t{ie 

4 h 2 


Digitized by ^mOoq Le 



()04 PHILOSOPHICAL TUANS ACTIONS'. [ANNO 1755. 

linimentum Arcjei, and she had not the least accident from the day of the opera- 
tion to the 25th of the same month, when she was perfectly cured, without any 
deformity in her eye : and though the lid was cut away very high, the eye re- 
mained very neat and well, performing its several functions properly when he 
left Bourdeaux ; and the 13th of August 1742, having had an opportunity of 
talcing a journey to that town, he saw the patient again, whom lie found ex- 
tremely well, seeing perfectly with that eye : hut what he found very singular 
was, that the skin of the lid descended pretty low, to the cornea, which it al- 
most covered ; so that the whole globe was in a manner hid. He only observed 
that this resembled a lid without hairs. 

Observ. 2. — On another cancerous tumor in the great angle of the eye. July 
2, 1736, Margaret Combaucaut, of Carcastone in Languedoc, 60 years old, 
had a cancerous tumour, for 16 "years, in the great angle of the right eye: it 
began by a little wart, which itched violently, and made her scratch it veiy often, 
which so irritated the tumor, that in a little time it. became as large as a dried 
fig flatted, with its edges turned outward and callous. It reached from the 
commissure of the lower lid, an inch and half below it, even to the right ala of 
the nose, which proved extremely troublesome to her. He found, after a strict 
examination, that it adhered to the bone. She said she tried all the remedies 
that she imagined wxmld do her any good; but that, far from relieving her, they 
rather made her worse, and her disease became the more insupportable , and that 
she had taken a resolution to undergo any thing to be freed from a disorder 
which had afflicted her for 1 6 years. 

Having consulted Mr. Fabre, an able physician of that place, they were both 
: of opinion, that she could not be cured without an operation, which he accord- 
' ingly proceeded to as follows : he took off the tumor entirely to the periosteum, 
but did not lay the bone bare ; for he thought it sufficient fora complete cure to 
take away all the callosities; but he was mistaken ; for instead of the prospect of 
a succeeding cure, he was unhappy enough to see the swelling increase, and the 
wound leem larger than before. He used in vain all the remedies commonly 
thought of in such cases ; he scarified the edges of the ulcer, to bring it to sup- 
' puration ; but it became more hard and callous than before the operation, and 
much more painful. He therefore resolved to cut away all that remained of the 
tumor, with the periosteum, which appeared very much swelled. This second 
< peration had so much success, that the swelling, and every other bad symptom, 
disappeared almost suddenly; and in 3 days the wound looked red and very weH, 
without any pain, and the cicatrix was perfectly formed on the 15th day from 
the operation, w ithout any sensible exfoliation of the bone, or the least deformity 
■ or staring of the eye. She had remained very well ever after ; for he saw her the 
10th of August 17 41, at Carcastone, in perfect health ; and the cicatrix of the 
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part very even. He observes, that he laid the entire bone bare, wherever the 
tumour touched, even down to the ala of the nose of that side. 

Observ. the 3d was on a cancerous tumor of the same nature, and in the same 
situation, and the treatment just the same ; it was as large as a filbert, and the 
officer was afflicted with it 20 years. It differed from the former only in this, 
that the year before the officer came to Marseilles, to put himself under Mons. 
Daviel’s cure, the tumor broke, and discharged a very fetid acrimonious matter, 
which, running into the eye, brought on a troublesome ophthalmia, and the 
edges were livid, and had a very terrible aspect. As to his operation, it consisted, 
as before, of a total extirpation of the cancer, periosteum and all, to the bare 
bone. He dressed the bone with dry lint only, and his digestive was a mixture 
of the linimentum Arcaei, with the unguentum styracis: and in about 19 days he 
was so perfectly cured, that when he returned to his friends, several of them 
asked him, on which eye the operation had been made ? 

Observ. 4, differed in nothing from the former. 

Observ. "5, On a cancerous tumour on the nose, which reached from die root 
of the nose down to the middle of the cartilage. He treated it in the same 
manner, taking off the whole with die periosteum ; and, as it was partly upon 
the cartilage, he also cut away the perichondrium, laying that, as well as the 
bone, bare : and the cure was completed, without leaving any deformity behind, 
in 18 days. 

Observ. 6. Of a cancerous tumor on the great angle of the right eye of a 
woman at Marseilles, of 70 years old. This he treated exaedy in the same 
manner, and she was cured in 20 days. 

The 7th observation mentioned another cancerous tumor on the nose, and its 
cartilage, of a gentleman, which was circumstantially the same with the former : 
it was cured in 5 days. After this case he makes this conclusion : that from all 
that has been already said, it is plain, that the seat of the cancers of the eye lids, 
nose, and other neighbouring parts, is absolutely in the periosteum and peri- 
chondrium, as well as the fat ; and that there can be no hopes of a cure without 
taking off these membranes, with the fat, and even any parts of the very carti- 
lages that may be contaminated : but that in this manner they are as curable as 
cancers on other parts of the body, notwithstanding what all oculists have said to 
^ie contrary. 

The 8th observation was on a cancer on the lower eye-lid of a woman, cured 
in the same manner. 

• The 9th observation treats on a cancer, as large as a large filbert, in the angle, 
and on the lower lid of the eye of a gentleman ; which began by a small tu- 
bercle in the angle, and was pulled off, and grew again several times. Mons. 
Daviel was consulted, in the presence of another surgeon, Mons. Maillot, and 
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declared for taking the tumor ami eye-lid entirely off ; making this prognostic, 
that if any part was left behind, the eye would be deformed and staring ; but the 
other surgeon thought, that half the lid with the tumor would be sufficient for 
the cure: Mons. Daviel therefore only cut away half the lid with the tumor ; with 
which he also took off a large quantity of hard white fat, and dressed up the part 
as usual ; but in the progress the lid was turned outward, and then they resolved 
on the total extirpation of the lid ; which, being obliged to depart from thence, 
he left to Mons. Maillot, who performed it with such success, that his cure was 
complete in 15 days, without the least deformity whatever. 

The 10th Observation is a case of the same nature with the former, with this 
difference, that when he had taken off the tumor and under lid in the same 
manner as usual ; the patient continued getting well till the 9th day from the 
operation ; when Mons. Daviel perceived a small fungus in the middle of the 
tumor, which he touched with the lapis infemalis, which produced veiy ill effects: 
the eye grew painful, the conjunctive swelled very much, the wound, which was 
half healed up, opened afresh, and became ragged. This made him set about 
cutting away all the bad flesh he could perceive, with the inequalities of the 
Conjunctive, which was much swelled: he scarified the cornea, and in the inner 
surface of the upper lid, which was also greatly tumefied, and even opened it on 
the upper surface. Thus, after having emptied the vessels well, he fomented the 
whole with a decoction of marshmallows, mullein, violet- leaves, camomile-flowere, 
^meiilot, leaves and flowers of rosemary, thyme, lavender, rue, and maijoram, 
of each half a handful, in a sufficient quantity of water; to a quart of which he 
put a bit of camphor the size of a nut. Tlie frequent application of thi6 that 
day produced so good an effect, that all her pain ceased : he also bled her in the 
arm and foot, ordering emollient clysters. She was purged some days after, with 
manna and cassia, which did very well ; and she was perfectly cured, without 
the least deformity, and could see better than before the operation. 

XXXI. Of Four Roman Inscription s, cut on Three Large Stones. By Joltn 
Ward, LL.D., F.P.R.S. p. 196. 

The stones were found in a field near a mile from Wroxeter, formerly a Roman 
station called Uriconium,* in the months of September and October 1752. The 
first of them was discovered by a plough striking against it ; and by spitting t®e 
ground the other two were discovered, not far from the first, in the like situ- 
ation. The first and last lay separate from their bases, which being taken up, 

* In the year 1701, a Roman sudatory was discovered at this place, a draught of which, with some 
account of it, was published in the Phil. Trans. N° 306, which seems to have escaped the observa- 
tion ol Horsley, Brit. Rom. p. 41&— Ori£. 
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several broken pieces of urns, and dust of a greyish colour, were' found with 
them, which seemed to have the appearance of ashe6. 

N° 1 , is by the scale 6 feet 8 inches high, and about 2 feet 3 inches wide 
above the base. It has a pediment top, with a pine apple rising from the middle 
of the cornice, on each side of which is a lion, and in the area of the pediment 
a kind of rose. The inscription, which is cut in the plane of the stone, may be 
thus read; Caius Marinins, Caii filius, Pollia tribu, Secundus Pollentinus, miles 
legionis vicesimae, annorum lii, stipendftorum xxxi, beneficiarius legati prin- 
cipalis, hie situs est. 

N° 2 contains two inscriptions, and is in height 2 feet 74- inches, by 2 feet 4-j- 
inches in breadth. It is not flat, as the former, but gently convex crosswise, 
the lower part being divided into 3 pannels ; on the first two of which are the in- 
scriptions, but the other seems never to have had any on it. 'fhe upper part is 
ornamented with a pediment, in the area of which are the remains of a face with 
curled locks, and 2 snakes under it; and on the comice 2 figures like dolphins. 
The first inscription may be read thus: Diis Manibus. Placida annorum lv, 
curam agente conjuge annorum xxx. And the other in this manner: Diis Ma- 
nibus. Deuccus annorum xv, curam agente patre. 

N° 3 is 6 feet 1 1 inches high, and about 2 feet broad above the base. It has 
also a pediment at the top, the area of which is filled with a large flower. The 
inscription, it exhibits, may be read in the following manner; Marcus Petronius, 
Lucii filius, Menenia tribu, vixit annos xxxvm, miles legionis xun gemmae, 
militavit annos xvm, signifer fuit, hie sepultus est. 


XXXII. On an American ff asp's Nest,* shown to the Royal Society. By Mr. 

Israel Mauduit, F. R. S. p. 205. 

M. de Reaumur distinguishes wasps into three classes, from the different situa- 
tions ii# which they place their nests; some choosing unfrequented parts of 
houses, some little cavities in the earth, and others the branches of trees for that 
purpose. The first of these is the largest sort, or hornet; the second is the 
common sort herein England; and the last is more frequent in America. 

The nest, then shown to the Society, was sent from Maryland; where they 
are found on the lower kinds of trees, in the thickest parts of the woods. This 
was built on a dogwood-tree, or the comus mas Virginiana; and hung quite de- 
tached from the rest of the tree by an extreme branch, of little more than an inch 
circumference: which, with its smaller divisions running through the substance 
of the nest, answered the purpose of pillars, to unite and support the several floors 

* This wasp’s nest, which is not described with sufficient accuracy, is probably that of the vespa 
jnidnlans of Fabricius. 


Digitized I t^sOOQ Le 



008 PHILOSOPHICAL TRANSACTIONS. [ANNO 1755. 

of the fabric. The figure was a conoid, or an acuminated ovifl; its longer dia- 
meter 20 inches, the shorter near the base 12 . It was perforated on 2 opposite 
sides, for the wasps to enter and go out at. The shell was composed of paper; the 
sheets of which at its upper end were larger and more distinct. They were of an 
ash-colour, of different shades, and streaked or marbled, and, being lightly laid 
on each other, formed a wall of from 1 4- to 4 inches thickness in the several parts 
of it. The lax hollow manner, in which they were joined to each other, ren- 
dered them a more effectual security from rain ; as they attracted water in com- 
mon with all other substances, made of the same materials; and would have been 
more easily soaked through, if they had been closer compressed together. For 
the same reason the apex of the cone was of the greatest thickness, and the base 
of a stiller and more ceHulose texture. This substance appeared to be a true 
paper; but, by tjie exact economy of nature, wrought to that degree of perfec- 
tion only, which was necessary to serve the single purpose it was intended for. 
Being examined by the microscope, it appeared to be of a coarser grain, a shorter 
staple, and of a much looser texture; and was a rare, though not a singular in- 
stance, of a natural production falling far short of the artificial one of the same 
kind. The inside structure of these nests, is well described by M. de Reaumur. 

XXXIII. Abstract of a Letter from the Magistrates of the City of Mascali, 
in Sicily, concerning a late Eruption of Mount Etna. From the Italian, p. 209. 

On Sunday, March 9, 1755, about noon, mount Etna began to emit a great 
quantity of flame and smoke, with a most horrible noise. At 4 o’clock the air 
became totally dark, and covered with black clouds; and at 6 a shower of stones, 
each of which weighed about 3 oz. began to fall, not only all over the city of 
Mascali, and its territory, but all over the neighbourhood. This shower con- 
tinued till a quarter after 7, that by the darkness of the air, the fall of stoues, 
and the horrible eructations of the mountain, the day of judgment seamed to 
some to be at hand. After the stones had ceased falling, there succeeded a 
shower of black sand, which continued all the remainder of the night. The 
next morning, at 8 o’clock there sprung from the bottom of the mountain, as it 
were, a river of hot water, which in the space of half a quarter of an hour, not 
only overflowed to a considerable distance the rugged land, near the foot of the 
hill, but, on the waters suddenly going off, levelled all the roughness and ine- 
qualities of the surface, and made the whole a large plain of sand. The stones 
and sand, which remain where-ever the inundation of the water reached, differ 
in nothing from the stones and the sand of the sea, and have even the same 
saltness. After the water had ceased flowing, there sprung from the same open- 
ing 9 small stream of fire, which lasted for 24 hours. On Tuesday, about a 
mile below this opening, there arose another stream of fire, in breadth about 
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400 feet, like a river, which overflowed the adjoining fields, and actually con- 
tinues with the same course, having extended itself about 2 miles, and seeming 
to threaten the neighbourhood. 


XXXIV. Of the Charr Fish in North Wales . By the Rev . Mr. Farrington , 
of Dinas , near Caernarvon . p. 210. 

This species they call torgoch, or red belly. This redness in the female, paler 
or deeper according to the season, resembles that of the fins of a roach, a fish 
very common in many rivers of England, though we have none of them in this 
country. The male is not adorned with that beautiful hue, yet he is finely 
shaded, and marbled on the back and sides with black streaks, on a kind of pel- 
lucid light sky-coloured ground. The shape is like a trout, but much more 
elegant and delicate. Three lakes or large pools, at the foot of Snowden, afford 
bring and subsistence to this remarkable finny race. There is a communication 
between them. About a fortnight in December the charrs make their appear- 
ance; never wandering far from the verge of these lakes, or the mouths of the 
rivers issuing from them; but traverse from one end to the other, and from shore 
to shore indifferently, or perchance as the wind sits, in great bodies; so that it 
is a common thing to take in one net, 20 or 30 dozen in a night, at this place; 
though not above *0 or a dozen fish in all at any other. Thus in winter frosts 
and rigours, they sport and play near the margins of the flood, and probably de- 
posit their spawn; but in the summer heats they keep to the deep and centre of 
the water, abounding in mud and large stones, as the shoaler parts do with gravel. 
After Christinas they are seen no more till the following year. 

s * 

■XXXV. A Method proposed to restore the Hearing , when injured by an Ob - 

slructionof the T hba Eustachiana. By Mr. J. JVathen, Surgeon, p. 213. 

Whatever obstructs that passage leading from the ear into the nose, called 
tuba eustachiana, so as to hinder the ingress of the air through it into the cavity 
of the tympanum, is universally deemed destructive to the sense of hearing. 
Hippocrates observed, that in a quinsy of the fauces, the patient became deaf, 
by its compressing and dosing up this tube.* Many practical writers assert the 
same to have happened from adjacent ulcers, &c.;-f~ and Mr. W. had known a 
swelled tonsil occasion deafness. This canal opens into the lateral and anterior 

* Cdac. -ll. n. 35. 

f Haller in Boerhav. de audita, p. 380, and 41 6 . Tulp'nis 1. n. 35 , a tuaoore palati. Valsalva, 
•cap. v, p. 90 , a polypo. et ulcere (viz. a certain yeoman had an ulcer above the uvula, on the left 
side, which communicated with, and corroded part of, the orifice of the left tuba eustachiana; 
•which, when he stopped with a tent dipped in medicine, he immediately lost bis hearing in that ear, 
hut recovered it as soon as the tent was taken out).— Orig. 
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part of the cavity of the tympanum; is so shaped that it first decreases, as it 
descends towards the posterior parts of the nose, becoming very narrow; then 
suddenly diverging, is much enlarged, opening into the posterior part of the 
nose by an elliptic orifice, a little prominent, turning inwards and forward, placed 
laterally, and just above the velum pendulum palati. This canal then is com- 
posed of two distinct cones, the extremities of which unite together, but their 
bases diverge differently; it is likewise lined with a porous membrane, full of 
■cryptae and mucous cells, continued from and like to the membrane of the 
nares.* 

When therefore we consider the structure of the eustachian tube, and its free 
-communication with the atmosphere, we may reasonably suppose it subject to 
inflammation of its membrane, and concretion of its mucus, from cold, &c. 
like the external meatus ; and though its mucus is of a very different nature, it 
is nevertheless liable to inspissate by heat, when its thinner parts are exhaled.-^ 
And from the form of this passage we may easily conceive, that an obstruction, 
pretty far advanced, is not to be removed without difficulty, and that in propor- 
tion, as it is more or less complete, the hearing will be more or less injured. 
Why then may not this be suspected as sometimes the cause of deafness? per- 
haps it is not unfrequently so; e. g. When a patient is somewhat deaf from cold, 
and the outer ear has been examined, and found clear of hardened wax, &c. k 
is yet not uncommon to find himself suddenly relieved by a great noise in his 
ear. This is probably owing to the breaking away of the congealed mucus, and 
the instantaneous rushing of the air into the tympanum; so that when this dis- 
order is but slight and recent, nature seems frequently to relieve herself; bnt 
when more confirmed, her efforts are ineffectual for its removal. These consi- 
derations inclined him strongly to think the hearing might suffer from that cause, 
and he was much confirmed in it by the following very remarkable case. 

Richard Evans, aged 35 , was very deaf in both his ears, yet no visible disorder 
in the external meatus. It arose from cold, and had subsisted several years, 
during which time no art or means could procure him the least relief. In 
August, 1755 , he died of the 6mall-pox, at the hospital in Cold-bath-fields. 
Mr. W. took that opportunity to examine the eustachian tube of each ear, and 
found them both stuffed quite full of congealed mucus. This was the only visi- 
ble cause of his deafness, the other parts appearing in their natural state. As 

* Haller in Boerh. de Auditu, p. 378. Not. e Physiologia. Haller, de Auditu, { *85. Valsalva, 
cap. 2, p. 32 - idem tig. xiv.— Orig. 

+ Morgauni and others tell us, that they constantly find the cavity of the tympanum in infants 
always much clogged with mucus ; and Mr. Douglas has often observed the same in adults, and is 
of opinion that it is concomitant with an obstructed tube in general, and that the injection is equally 
as effectual as if the tube only was obstructed.'— Orig. 
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alt these concurring circumstances strengthened him in his opinion, they likewise 
incited him to make trial of an operation that was some time before proposed to 
the Academy of Sciences, by Mons. Guyot; but the author having never prac- 
tised it, he wanted the recommendation of facts to support and enforce it; it was 
therefore rejected by them as impracticable.* 

Mr. W. first introduced his probe, a little bent at the end, through the nose 
into the tubes of several dead subjects; and, having thereby acquired a facility, 
he did the same on a person that was very deaf, and on whom all other means 
had proved ineffectual ; no sooner had he withdrawn the probe, than he said, ' he 
could hear much better. This success excited his further endeavours* so that he 
had pipes of different sizes adapted to a syringe, and he had since injected the 
meatus internus in the following manner, with success. The pipe is made of 
silver, about the size and length of a common probe, and a little bent at the 
end: this being fixed to an ivory syringe, full of liquor (viz. a little mel rosarum 
in warm water), is introduced between the ala and septum of the nose, with its 
convexity towards the upper part of the aperture of the nares, and thus conti- 
nued backwards, and a little downwards, till it comes near the elliptic orifice ; 
then its convexity is turned toward the septum, by which the inflected extremity 
enters the tuba eustachiana with ease; the liquor is then impelled through it into 
the tube, by which the sordes, if any, being diluted, is. washed out, and regur- 
gitates through the nose, or mouth, or both, with the injection; and, if the 
quantity be large, may be seen. 

[Then follows an account of 6 different cases, in which the operation was 
successfully performed.} 

After the detail of these cases Mr. W. remarks, that he had endeavoured to 
ascertain the symptoms that indicate an obstructed tube, but had not been able to 
do it with any degree of certainty; nor could he see the great utility of it, could 
it be done; for the only disorders of the ear, that at present admit of surgical 
helps, are those of the external meatus, ulcerated and swelled tonsils, &c. all of 
which are generally visible; and when they are not the cause of deafness, little 
or nothing is ever attempted, the patient being left to shift for himself. But 
now another probable chance at least is given to the unhappy sufferer, and being 
the only one (e. g. the others either improper, or tried before without success), 


* Hist, de rAcad. 1724, p. 53- Besides, Mons. Guyot proposed doing it by the mouth, which is 
quite impossible, as evidently appears to any one that will give himself the trouble to examine into it. 
Convinced at this, Mona. Fetit (who bas lately published a new edition of Palfin’s anatomy) pro- 
posed, and that learned and skilful anatomist Mr. John Douglas first demonstrated the possibility of, 
passing the probe, &c. through the nose into the eustachian tube; and this he has constantly shown 
to those who have attended bis public lectures; and to him Mr. W. freely acknowledged himself in- 
debted for the hint, by which be was incited to make trial on the living, of an operation of so much 
importance to maukind.— Orig. 
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may be made use of without delay, or attendance to accompanying symptoms, at 
least till they render themselves more conspicuous and certain than he had hitherto 
been able to find them; and as the operation is not at all dangerous, it nehlier 
has, nor will, lie believed be thought painful by those who desire to recover 
their hearing. 

XXXVI. A Chemical Essay on the Action of Quicklime on the Volatile Alka- 
line Salt. By I. A. Schlosser , M. D. of Utrecht, p. 222. 

As the true nature of quicklime was unknown at the date (1755*) of this 
essay, the theory which Dr. S. has offered concerning the different phenomena 
produced by the action of burnt lime on the volatile alkali, is wholly erroneous. 
It is therefore deemed unnecessary to be more particular in the notice of this 
paper. 

XXX VII. An Account of a very remarkable Case of a Boy, who, notivitli- 

standing that a considerable Part of his Intestines was forced out by the Fall 

of a Cart upon him, and afterwards cut off, recovered, and continued well ► 

By Mr. John Needham, p. 238. 

On the 3d of January 1755, Mr. N. was called to the son of Lancelot Watts 
(a day-labourer, living at Brunsted) a servant boy to Mr. Pile, a former at West- 
wick, near North-Walsham, Norfolk, aged 13 years. He was overturned in a 
cart, and thrown flat on his face, with the round, or edge of one side of the 
.cart, bottom upwards, whelmed across his loins, the upper part of the body 
lying beyond the wheel at right angles. In this helpless condition he continued 
some time, and was found with a very large portion of the intestines forced out 
at the anus, with part of the mesentery, and some loose pieces of fat, which 
Mr. N. took to be part of the omentum, hanging down below the hams, double, 
like the reins of a bridle, very much distended and inflamed. He had a conti- 
nual nausea, and violent retchings to vomit, and threw up every thing he took. 
The pain of the stomach and bowels was exquisite, attended with convulsions; 

. his pulse low and quick ; and frequently he fell into cold sweats. After using an 
emollient and spirituous fomentation, Mr. N. reduced the parts, though to no 
purpose; the vomiting immediately returned, and forced them out again. Next 
day the fever increased, the nausea and retchings to vomit continued, the parts 
appeared livid and black, with all the signs of a mortification. On the 3d day 
the mortification increasing, he cut off the intestine, with the mesentery, close 

* It was about a year after the above date that Dr. Black's experiments on quick-lime, which de- 
monstrated so clearly the difference between mild and caustic calcareous earth, mild and caustic 
alkalis, &c. and which laid open so vast a field of discovery in gaseous chemistry, were first comma? 
nicatcd to the world. 
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to the anus, being 57 inches in length. He had had no stool from the time of 
the accident, but soon after the operation there was a very large discharge of 
blackish and extremely offensive faeces, which continued several days, lessening 
by degrees. He soon became easy, and the nausea and vomiting abated. Mr. 
N. gave him tinct. cort. Peruv. simpl. twice a day; and, as he complained 'at 
times of griping pains, he took now and then tinct. rhabarb. vinos, and had re- 
covered a good state of health. For some time he had 6 or 7, or more stools in. 
a day; -afterwards commonly 3 or 4, all loose, which come soon after eating; and 
frequently he was obliged to hurry out to ease himself, during his meals. 

Mr. N. 3 times tried to discover a passage through the coats of the rectum, 
with his finger, and he thought he always felt an opening, just above the sphincter, 
towards the spine; the circumference of which was full, and protuberated, seem- 
ingly as large as his finger, the lower edge of which was harder than the rest; 
the patient complained of pain, when the upper part was pressed. 

On the 7th erf May the boy walked from Brunsted to North-Walsham, 7 
miles, was perfectly well, and walked back again that afternoon. . 

XXXVIII. Experiments on the Sensibility and Irritability of the several Parts 
of Animals. By Richard Brocklesby, M.D.,F.R.S. p. 240. - 

After apologizing for the cruelty exercised in these experiments, which Dr. B. 
made for the purpose of ascertaining the validity of Haller’s doctrine, respecting 
the irritability of animal fibres. Dr. B. proceeds to state, that his first experiment 
was made by cutting 4 inches of a young lamb’s skin, which covered the great 
tendon of the hinder leg, known (o anatomists by the name of the tendo achillis.. 
This of course caused violent struggles, and other marks of the injury felt; and 
on touching the extremity of the skin, while united to other parts of the animal, 
it cried loud, urined, and voided its excrement, when he poured diluted spirit of 
vitriol on the edges of the skin that were fixed to the contiguous parts; but did 
not express much pain by irritating the raised skin, at the farthest extremity of 
its separation, by an infusion of diluted spirit of vitriol.. Nearer however to the 
fixed parts underneath, the sensation in the raised part of the skin continued 
much longer. 

He then made the butcher cut into the tendon half way, and divide it upwards 
more than 2 inches, and attentively stood over the animal, to watch his motions,, 
and discover if there was any apparent pain ; but while that wa6 doing, he could 
discern none, nor any marks of sensation in the animal, while he handled and 
pulled the cut tendon, nor yet any on touching it with dulcified spirit of nitre, 
and sharp acid spirit of vitriol; and what yet surprised him more, was to find 
the creature as insensible on the tendon, as if it was a mere piece of glue, when 
he put a strong muria of sea-salt and nitre all over it; and after a very few mU 
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nutes he laid the raised part of the tendon in its natural direction, on the cor- 
respondent fixed part, and they were both exactly congruous; so that the loose 
part had not contracted itself, nor was at all shorter, after these repeated trials, 
than its correspondent fixed part. He then put the creature on its legs, to see 
whether it had suffered so much, that it could not use the leg; but it was found 
to walk, though favouring greatly that side where so much had been done; how- 
ever, it walked fairly on all its legs. After about 5 minutes torment, the but- 
cher ended all its pains, and he performed the same processes on a sheep just 
destined to be slaughtered, in which the Dr. found all the appearances as above- 
mentioned. 

He was induced to make 2 other very cruel experiments on different animals, 
by laying bare their patella’s of the knees; having cut off all the skin round 
about, he then pricked and touched with the afore-mentioned escharotics the 
capsular ligaments of these joints, without discovering any tokens of pain; but 
as soon as the sharp fluids had spread over the surface, so as to reach the extre- 
mity of the skin, the creature underwent as much pain as cutting before had 
caused. 

He desired the butcher to take off as much skin from the forehead, as was 
necessary to perform the operation of the trepan ; and before he began to apply 
the instrument to the sheep’s forehead, he vellicated the pericranium with the 
end of a knife, but could not observe the membrane sensible, or thrown into 
contractions; and when the operation was over, and the bone taken from the 
subjacent dura mater, he poured on this membrane dulcified spirit of nitre, and 
diluted spirit of vitriol, and powdered common salt, but without perceiving any 
agitations whatever, brought on by these substances acting on these living parts; 
though in some creatures he was dubious, whether sea-salt and nitre in powder 
did not create some sense, though no manifest contractions of the dura mater. 

But every muscular part, which he cut while the animals were alive, discovered 
little sensibility of pain, though great propensity to irregular spasms of the 
fibres; and the muscles on the thorax, and especially the cameae cohimnae of the 
heart, retained irritability last of all other muscular parts, even till long after the 
animal’s expiration. 

He laid the pungent liquors and salts, as above', on various parts of the animal, 
yet alive; as on the fat, cellular membrane of the neck, leg, and other parts 
within the skin, the liver, pancreas and spleen, and could not find them endowed 
either with remarkable sensibility or irritability ; nor had the bladder any remark- 
able symptoms of irritability, further than might be occasioned by its muscular 
fibres; though the well-known symptoms of the calculus show its great sen- 
sibility. 

He tried the effects of a strong aqueous solution of opium on the irritated 
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parts of muscular fibres, but could not perceive an opiate manifestly to compose 
these spastic motions of the parts, as Haller alleges they do, though in some 
trials he fancied there were grounds for such a conclusion. However this is no 
argument against the internal use of opiates, where the solids are greatly irritated. 

He adds one more experiment, made on the intestines of a lamb: after he had 
taken them from the carcase, he poured diluted spirit of vitriol on them, as well 
as several other pungent substances; and on the touch of all of them, the intes- 
tines renewed their contraction, which before had totally ceased, and surprised 
him with a motion almost as strong as is found in the process of cliy lification ; 
and this continued till the external cold had indurated and stiffened the fatty 
membrane of the omentum. 

These were some of many experiments of a like nature, which the importance 
of these facts in daily practice of medicine required to ascertain, or reject; and, 
from the result of his repeated trials, he was induced to coincide with most 
of the conclusions drawn by Drs. Haller, Castell, and Zimmerman; that no 
part is sensible but the nerves only, and that some parts are irritable without 
sensibility, accompanying them in any great degree; while others are altogether 
without sense, at the same time that they are incapable of being irritated at all. 

Dr. B, adds, that he had thus communicated to the Royal Society the result 
of Ins experiments on this subject. Whether he should, by prosecuting the 
subject still farther, be able fairly to make out, that irritability, as it is distin- 
guished from sensibility, depends on a series of nerves different from such as 
serve either for voluntary motion and sensation, he could not then say. But 
whatever might be his future conclusions, he would establish nothing hypothe- 
tical, but endeavour by fair deductions to approach towards truth, as near as the 
abstruse nature of the subject would permit; and as he thought he had actually 
found some variation from the common practice in. rheumatisms, built on the 
establisfied fact of great. irritability in the muscular fibres, succeed, to the relief 
of suffering patients, he could not dismiss this subject, without relating, that 
only with gentle and continued frictions on the pained rheumatic parts with com- 
mon sallad oil, 2 poor patients, who lately applied for his advice in obstinate 
rheumatisms, were, by thus relaxing, the crispation of the solids, surprisingly 
relieved, without any further medicine. So that after bleeding, where it is indi- 
cated, which above all things he found to abate irritability, it might deserve to 
be tried, how far animal oils, applied by friction long continued to the aggrieved 
parts, both in the gout, rheumatism, and other painful diseases, would ease the 
tortures, without repelling or obstructing the matter, which nature is labouring 
to throw off. But he forbore to enlarge, as the experiments he had hitherto 
made on the subject of irritability, were scarcely sufficient to obtain what Lord 
Bacon calls the vindemiatio prima in this science. When he should receive suf- 
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ficient information to be convinced within himself, he should not be wanting to 
communicate what might tend to advance this branch of natural knowledge, and 
to promote a true theory of diseases, on which all rational practice must be 
established. 


XXXIX. Of Worms in Animal Bodies* By Frank Nicholls , M. D. Med. Reg . 

and F. R. S. p. 246. 

Fish are, to appearance, more subject to worms* than other animals; the cod 
often shows small slender worms, coiled up like snakes, on the surface of its 
liver; and the bley in the ’Thames, about the month of July, is often distressed 
by a long flat worm, which, by possessing and eating its liver, prevents the fish 
from compressing itself to that specific gravity, which is necessary for its quiet 
continuance under the water; so that it is obliged to skip about on the surface of 
the water, till it becomes a prey to its foes, or dies suffocated, by being so often 
out of water, and deprived of that action of the water which is analogous to the 
force of the air to us in breathing. 

Among the many cases, which Dr. N. had seen, two seem to deserve parti- 
cular attention, as well because they are greatly prejudicial to the former, as be- 
cause, when generally known, they may possibly lead to a method of successful 
cure. The first of these is a species of dropsy, incident to bullocks and sheep. 
On opening these animals, when dead of this rot, the liver is always found affected. 
A small flat worm,*f- resembling a sole, and often many of them, is found in 
the gall-duct, by the butchers termed flooks [flukes]. It is the property of this 
worm, that it always builds a wall of stone for its defence; which wall is ramified 
like the gall-duct, within which it is formed. This stony tube, when completed, 
blocks up the gall-duct, and stops the passage of the gall; which thereby sur- 
charging the duct, and dilating the orifice of the lymphatics, returns again into 
the blood, and gives the yellow teint to the eyes, which is the first symptom of 
this disease, and generally prece d es the loss of flesh, And the swelling of the 
belly. It seems probable, that whatever can increase the acrimony of the bile, 
must be usefiil in preventing this disease; but when -the Stony pipe is formed, no 
method seems capable of promoting its -dfochatge, or 'dissolution. 

The other case is termed the husk, -and -is a disease to which bullocks are very 
subject, while yoang; for it -rarely effects those of more than a year old. The 
creature is seized with a short dry -cough, by which it is perpetually teized; in 
consequence x>f which he waites in flesh, and grows weaker and weaker till he 
■dies. On opening the lungs of a- calf dead of this distemper, he found the wind- 

* The worm here alluded to, is the UguU abdotninaiu, linn. Cm el. 

* This worm is the fmi ei a kepetica. Lino. 
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pipe, and its branches, loaded with small taper worms* of about 2 inches long, 
which w'ere crawling about, though the animal had been dead many hours ; and 
the farmer assured him that they always found these worms in this distemper, 
and knew of no method of cure. Dr. N. had great hopes however, that fumi- 
gations, either with mercurials, as cinnabar, or with fetids, as tobacco, properly 
used, might prove of great service. 

XL. On some Remarkable Insects of the Polype Kind , found in the Water ; near 
Brussels in Flanders. By T. Brady, M.D. p. 248. 

The draught of the plant sent is found in summer-time, in all sorts of ditch 
or stagnant waters : its colour is white, and its transparent body, when seen with 
the naked eye, is in length between one and a half and two lines ; but when 
viewed with a good microscope, w'hose focus is about 8 lines, it appears as in 
pi. 15, fig. 1, with leaves,-^ branches, and fruit, and indued with such sensibility 
that at the least noise made in the room, or on any thing touching the table 
where the microscope stands, or the water in which it lies, it contracts itself 
with such activity and swiftness that the eye cannot follow it in that motion, 
till it reduces itself into the shape in fig. 2. The extension or dilation goes 
slower, and requires about half a minute before it comes to the form in fig. 5. 
It can live in its own standing-water for 8 or 10 days, and then looks as in fig. 6, 
as most trees do in winter-time. It is remarkable that the leaves, which are 
like bells, live some time after they fall, and retain that faculty of contraction 
and dilatation ; and when viewed with the great magnifier, whose focus is about 
2 lines, it "appears as in fig. 4. The trunk is as in fig. 3. The number of its 
branches are undetermined, but commonly found to be between 6 and 12 . He 
had not tried if it did not regenerate, when cut like polypes : but he could 
see a vast difference between it and the polype a bouquet, mentioned by Trem- 
bley.| The other curious insect, represented in fig. 7, is found in the same 
standing-waters with the plant, and is seen with the naked eye, like a little flat 
round leaf, whose diameter is about one line and a half ; but when put in a 
microscope, it shows a circle surrounded with crowned heads, tied by, small thin 
tails to a common centre, whence they advance towards the circumference, 
where they turn like a wheel, with a great deal of vivacity and swiftness, till 
they cause a kind of a vortex, in which are seen all smaller insects or bodies 
either attracted or driven, which probably serve as nourishment for those little 
crowned things, which in all appearance are, as well as the plant, a sort of 
insects of prey, that live on smaller creatures. When one of those little heads 

* These worms belong probably to the species of ascaris called ascaris vituli. Linn. Gmel. 

4 Vorticella anastatica. Linn. + Vorticella socialis. Linn. Gmel, 
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has wheeled a while, it rests, and another turns ojut ; and sometimes' 3 or 4 are 
seen wheeling at a time. He had seen last year some much more regular, tha t 
formed an orderly circle, with their crowns to the circumference, and their thi n 
bodies like so many radii joined to the centre. Their motion is all straigh t 
towards the edge of the circle, and never to the right and left, as if every head 
had its proper limits to act on. 

The fruit of the plant, which resembles an orange, has a kind of chain about 
it, that turns as the ci*own does in the other insect. The trunk or stock of the 
plant is its gut, or stomach ; for he saw, that something descended through it, 
as it were through a gut. Besides it has no support of any fixed point, but is 
always swimming in the ditch-water, but shows no great local motion. Other 
insects were seen preying on it, which resemble small hogs, and are very busy in 
eating its leaves, which are probably the cause of its looking so bleak and 
withered when dead. 

XL I. fleiv Astronomical and Physical Observations made in Asia ; and commu- 
nicated by Mr. Porter , Ambassador at Constantinople, and F.R.S. p. 0,51 . 


Observed Latitudes of the following places. 


Aleppo. Lat. North 

... 3& 

IQ,' 

Antioch 

3<y> 

10' 

Mount Cassius 

. . . . 36 

4 

Diarbekir ..... 

• .37 

54 

Seleucia in Syria ...... 

. ... 36 

3 

Bagdad 


19 54 r 


Immersion of u Virginis under the Moon, observed June 10, 1753, at Diarbekir* 

near the Seraglio of the Bachaw. 

The Immersion 6f the Star at night 9 h 48“ 4* 

The Emersion 9 39 47 

The nitre is produced by a combination of the universal acid with the natrum 
of the ancients, as appears by observations. The asafoetida is drawn from a 
ferulaceous plant of the thapsia kind, which is very common in Media, &c„ 
I have had the good luck to find the small nardus Indica: It is a gramineous 
plant, of which some bear spicaceous flowers, both male and female, and others 
only female ones. It is a valuable thing to botanists, as they are hitherto igno- 
rant of the true genus of this plant, though the root has been in use ever since 
the age of Dioscorides. This country is so dry, that electrical experiments often 
succeed without any stand of bitumen, pitch, silk, glass, &c. Our carpets and 
beavers are mostly sufficient to retain the electrical virtue, and prevent its spread- 
ing to the floor. Ten men standing upright, one before the other, have been 
made electrical, and, being touched, have produced sparks. 
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XLII. Some Observations, proving that the Fetus is in Part Nourished bp the 
Liquor Amnii. By Malcolm Fleming , of Brigg, M.D. p. 254. 

July 25, 1753, being informed that a calf, come to full maturity, was just 
then brought forth dead in this town (Brigg, in Lincolnshire,) which had been 
alive, and appeared strong a very short time before its birth ; Dr. F. begged it of 
the owner, such instances being rare. The skin being of value, for it was an 
extraordinary large calf, it was sent to his house flayed. He first examined the 
thorax, which was his chief motive for begging it. He here adverts to the ex- 
periment of the lungs of a new-born animal sinking in water. After cutting 
out the lungs and heart, he clipped off a piece of the former with sharp 
scissars, about an oz. weight, or more, and threw it into a basin full of water. 
It quickly sunk to the bottom, and settled there. Immediately after, he blew 
into the remaining part of the lungs, through the trachea ; and though he could 
by that means distend them but very little, because the air flowed out readily 
throqgh the cut bronchia, and therefore acted but faintly on the other parts ; yet 
a piece about the same size as the first, clipped off in the same manner, and 
thrown into the same basin, constantly kept at the top. This might seem foreign 
to his present purpose ; but he thought proper briefly to mention it here, not 
only on the account of the importance of the experiment, but likewise to show, 
that he was not misinformed in the account of the calFs being brought forth 
dead, and that it had not even respired ; much less taken any nourishment after 
exclusion, to influence the appearances described below. 

Having opened the abdomen, he observed the thick intestines, especially the 
rectum, extremely distended with an incredible quantity of meconium ; which 
for several inches above the anus was formed into distinct scybala or balls. He 
made an incision in the rectum, where it was very turgid, about 2 inches from 
the anus, and let out about 25 or 30 of these scybala ; which he laid on clean 
paper to dry, that he might examine them at his leisure. About 3 or 4 days 
after, when they were dry and brittle, and of the colour and consistence of aloes, 
he was surprised to find, on examination, every ball stuck full of tough, thick, 
white hairs, some of which were an inch long, or more. There seemed to be 
some scores in each, though, being shrunk with drying, they scarcely exceeded 
the bulk of an ordinary pea. This unexpected appearance set him on consider- 
ing, whence these hairs had come; how got they there? and he could think on 
no other tolerable solution of the difficulty than to conclude that they belonged 
originally' to the calf s skin ; and, being loosened by maceration in the liquor 
amnii, were propelled, into the stomach and intestines ; till they were at length 
entangled in the meconium. He was confirmed in the belief of this by being 
informed, on inquiry, that the calf s skin was white ; a circmnstanoe unknown 
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to himbefore, it having been sent flayed. From this persuasion it was natural to 
infer that if hairs loosened from the skin of the fetus, and floating in the liquor 
amnii, can find a way into the intestines, and get entangled in the meconium, it 
is impossible but the liquor amnii must enter and pass through the whole alimen- 
tary passage along with them ; as a fluid may certainly penetrate where hairs 
cannot : but no good reason can be assigned, or even conceived, why hairs should 
be admitted where the fluid is excluded. 

The only reasonable scruple that remained to be got over was, that this being 
but a single instance, a general conclusion was not to be too hastily drawn from 
it ; that it was possible there might be some morbid concretions in the meconium 
of this particular calf, resembling hairs, which concretions in a common and na- 
tural way might be wanting ; or some preternatural communication between the 
primm viae in this subject, and the liquor amnii, not to be found in the gene- 
rality of other fetuses. But he afterwards received some of the first dung of 
other calves, in which he also found a great number of strong hairs all over; so 
as to leave no room for doubting but that this appearance is general in the me- 
conium of calves, in a natural way. 

The reader will please to observe that in neither of these instances he could 
be deceived, if he had ever so little reason to trust to the judgment and fidelity 
of those who supplied him with what he wanted. The colour and consistence 
of the meconium of a fetus is so very peculiar, and go widely different from that 
of faeces formed out of ingested aliments, that none, who have any knowledge 
in these matters, can mistake the one for the other. In the mean time he 
omitted not to open the embryos of the cow-kind, such as he could procure in 
the shambles of the market-town he lived in, and to examine their meconium. 
The 2 most advanced towards maturity, which he met with, had stiff long hairs 
about the mouth, the eye-brows, the ears, and navel, and a good many on the 
end of the tail ; but none on their skins. In neither of these, any more than in 
the younger embryos which he examined, was there so much as a single hair to 
be found iii the meconium ; for this plain reason, if he judged right, because 
they had not got hairs on their bodies of long enough continuance to become 
loose, and float in the liquor amnii. 

But as opportunities of coming at fetuses of this species, especially such as are 
remarkably nearer to maturity than those 2 just now mentioned, are rare, he 
tried to supply that defect by opening those of other animals. Accordingly he 
procured 6 puppies, of the butcher-dog kind, brought forth at the full time at 
one litter. Having taken out the whole meconium of every one of them, after 
the strictest search he could find no hairs in any part of it. He had likewise an 
opportunity of opening a colt that died either in the birth, at the full time, or 
immediately after, before its meconium was discharged ; which he found in great 
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quantities in its rectum and colon. But neither here could he spy a single hair, 
though he examined whole pounds of it, and that portion most carefully which 
was lodged in the rectum, near the anus. 

These observations might seem at first view to clash with and contradict those 
he had related : but, on closer consideration, they would be found in reality to 
confirm them, for this reason, that puppies and colts, when brought forth, have 
no loose hairs on their bodies; but calves have in great numbers. In the 
puppies and colt,, which he examined, the hairs were so firmly rooted on their 
skins, that he could scarcely pull any off with his thumb and fingers ; whereas in 
a mature calf, new brought forth, many are found quite loosened at their roots, 
and only adhering to their skin by the moisture on it. Therefore in the latter 
species hairs from the surface may be, and actually are, incorporated with the 
liquor amnii, and along with it enter the mouth and alimentary canal, which 
cannot be the case in the former. From these facts Dr. F. infers that the liquor 
amnii is in a constant natural way received into the mouth, stomach, and in- 
testines, and therefore must contribute to the nutrition of the fetus. 

XLIII. On the Success of Agaric in Amputations , &c. By Mr. William Thorn- 
hill, late Surgeon to the Infirmary at Bristol, p. 264 . 

Mr. T. here states that he had employed the agaric successfully in 4 cases of 
amputation. 

XL IV. A Lunar Eclipse observed at Elbing, March 27 and 28, 1755. By 

John Mendes Sachetlo Barbosa, F. R. S., and Prof, of Philos, and Physic. 

p. 265. 

27 d 10 h 5l ra 15 s the beginning was certain. 

28 1 27 40 the end of the real eclipse. 

131 30 the penumbra certainly ended. 

XLV. On the Number of People in England. By the Rev. Wm. Brakenridge, 
D.D., Rector of St. Michael Bassishaw, London, and F.R.S. p.268. 

There seems to be only two ways of discovering the number of people in 
England, where at present there are no capitation taxes; either by the number 
of houses, or the quantity of bread consumed. As to the first, it is evident that 
if the number of houses could be determined, it would then be very easy to 
compute nearly the number of people. For it might be easily known by trial 
what number, at an average, could be allowed to each house, and from thence 
the whole number of people deduced. In a former letter Dr. B. assigned 6 to a 
house in town, which he found to be the nearest number, in some parishes, by 
an account taken; but he thinks it is still more plain in the country that 6 is 
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the number to be fixed on, where people do not go so much into single life, and 
where there are not so many lodgers. For if we consider that for every marriage 
there are four births, on an average, as Dr. Derham, Major Graunt, and others 
have shown, and which Dr. B. found to be true from the registers both in the 
town and country ; consequently, allowing for deaths, there cannot be 3 children 
that survive from every marriage to mature age, and indeed not much above 2, 
as appears from Dr. Halley’s table of the probability of life. Therefore every 
family, where there are children, one with another, cannot consist of more than 
between 4 and 5 persons, besides servants or inmates : which shows plainly that 
families, where there are children, cannot be estimated at more than 6 to a 
house, and where there are no children they cannot be reckoned more at an 
average. 

The number then being 6 to be assumed, let us next consider what number 
of houses is to be 'supposed. That Dr. B. might come at some certainty in this, 
he applied to one of the public offices, where he thought they could very 
likely give an account of them ; and he there found, that before the year 1/10, anti 
near about that time, an account had been taken of all the houses throughout 
England and Wales, in order for some assessment upon them ; and the number 
then amounted to 720048. In which it may be supposed that a number of 
cottages were omitted that might be improper for that assessment ; but he thinks 
there could not possibly be above a 4th part of that number more : for surely the 
surveyors, if they had any care of the public revenue, would never omit above 
one in 5. Let us, therefore suppose, that there might be a 4th part of that 
number more; and then those omitted will be about 182262, and the whole 
number of houses could not exceed 911310. 

If now we take 91 1310 for the number, it is evident, if we allow 6 persons 
to a house at an average, the number of persons in England and Wales, before 
the year 17 10, could not be above 5467860. And since that time, 45 years 
ago, by a method of computing which he shows below, the increase could not be 
above 789558; and so the whole number of people now must be about 6257418 ; 
.or six millions, all ages included ; for it must be remembered that in our wars, 
since 1710, there could not be fewer lost than 200000, which is to be deducted 
from that number. 

As to the other w'ay of determining this, by considering the quantity of bread 
consumed, it may perhaps at first view appear more uncertain ; but it will, he 
thinks, from some things that may be observed, at least help to ascertain the 
above number. For it is plain, if the quantity of wheat that is produced in 
England could be known, it would then be very easy to make the computation, 
as it might be nearly discovered, by a little observation, what each person at an 
average might consume. But the great difficulty is to find out nearly the quan- 
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tity of wheat; and there seems to be no way at present of knowing it, but by 
considering what proportion it may have to the barley ; for the quantity of that 
is nearly known from the malt-tax. Now, if we compare the quantity of the 
wheat in England, it is evident, that there is at least as much ground sowed 
with the one as with the other. For there are vast tracts of land that will not 
bear good wheat, but are frequently sowed with barley; and even those lands 
that will produce good wheat, they are often alternately sowed with it : the land 
that is rich and well manured, after one crop of wheat it is usual to sow it with 
barley. And if this be admitted that the quantity of land sowed with the one 
is equal to that sowed with the other, there must then be a much greater quan- 
tity of barley; because the same number of acres will produce much more of it, 
and generally in a greater proportion than 3 to 2. 

If then we assume that the barley used in malt is to the wheat used in food 
at home, as 3 to 2, we shall then be able to compute the quantity of each of 
them in this manner: the malt- tax from the year 1747 to the year 1753 inclu- 
sive, amounted to the sum of 4,254,8131. of which the 7th part, the tax for one 
year, is6O703Ol. and as the tax is 4 shillings on every quarter of barley, it 
follows that there are 3039150 quarters of barley consumed yearly in malt; 
and therefore there must be 2026100 quarters of wheat consumed at home. 
Now, as it is known, that labouring healthy people at an average consume 
about one quarter of wheat in the year, which is about 512lb. of flour, or lib. 
6 oz. in a day, we may allow that healthy and unhealthy, grown people and 
children, do not consume the half of that quantity, one with another. And 
therefore, that we may make the consumption of each person at an average as 
small as can reasonably be imagined, we will suppose that 3 people, children in- 
cluded, do not consume more than one hearty labouring person, that is one 
quarter in the year, or each person about 7 oz. in a day ; and by this supposition 
the above number of quarters of wheat 2026100, consumed at home, will be 
sufficient for 6078300, or six millions of people. And this quantity of a quarter 
to 3 persons, though it appears too little, may be admitted, as in some of the 
northern countries they use some oat-bread and rye-bread; and every healthy 
person may, one with another, be allowed to consume this quantity at least. 
From this calculation it seems that there cannot be above 6 millions of people in 
England. And as, from the other method of computing from houses, we found 
the number to be about 6,257400, from which at least 200,000 is to be taken 
for those lost in the wars since 17 10, or near that time; it appears that both 
these calculations confirm each other, and that the number of people may be 
considered at about 6 millions, or rather less. In which, according to Dr. 
Halley’s rule, there will be about 1 5 hundred thousand men able to carry arms. 

Dr. Derham, from the computations of Mr. King, supposes there is about 54 
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millions of people in England ; to which, if we add the increase that may be since 
that time, the number will be near about what we have made them. But Sir 
William Petty has endeavoured to make them, in his time, no less than 7369OOO, 
by supposing them to be in proportion to the assessment, then 1 1 times greater 
than that in the city of London. In which, with regard to the city, he was 
certainly mistaken, as Dr. B. showed last year ; for the number at that time, in 
1082, was not much above 504000, and therefose II times that, viz. 5544000 
must, according to his own hypothesis, be the number of people in England. 
And if we allow 1355000 to be the increase in about 73 years since that time, 
the number could not be now, according to that assessment, above 6899000. 
From which we ought at least to subtract 400000, which may be justly allowed 
for loss in our wars since 169O; and the remainder 6499000 is not half a mil- 
lion more than we have made them. The people then being computed at 6 
millions, or rather less, it appears that England is but thinly peopled. For not 
only the exportation of at least 400,000 quarters of w'heat annually shows 
plainly' that we want people to consume it at home, and that we maintain in 
bread about a million of foreigners abroad : but if we examine more particularly, 
we shall find that the country is capable of supporting one-half more inhabitants, 
or 9 millions. 

But in Ireland the case is still worse: for if there is but a million of people, 
as is commonly supposed, and according to Mr. Templeman 27400 square miles, 
which is 17,536,000 acres, and a 4th or more be supposed waste; then there 
will be at least 1 2 , 000,000 good acres. And consequently if 4 acres in that 
country be allowed sufficient, at an average, for the maintenance of one person, 
Ireland, if duly cultivated, could maintain 2 millions more people than .it has 
now', or 3 times its present number of inhabitants. And in Scotland, if there 
be, as is said, but a million and a half of people, for at present I know no way 
to compute them, and 27700 square miles, or ] 7,728,000 acres, and -y be sup- 
posed waste, which is not too much in that country, then there will be 1 1 , 000,000 
good acres; of which, if we suppose that 5 acres of that soil is not more than 
sufficient for each person, then there may be provision for 2,200,0000 people, 
or more, with the advantages of fishing, that is 700000 more than there are at 
present. From all which it is plain, that if the land in both the British isles was 
duly cultivated, they might sustain about 6 millions more people than they do 
now; that is as many more people as England now contains. And here, by the 
way, it may be observed, if we extend our thoughts to the whole globe of the 
earth, and compare the quantity of land with the number of people, we shall 
find that it will maintain above 26 times the present number of mankind. 

The proportion being given of the living to the dead in one year, and also the 
proportion of the births to the dead, the number of the people being unknown ; 
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to find in what time the people shall be in any given proportion, to what they are 
at present. Suppose n to be the unknown number of the people at present, and 
let the living be to the dead, in one year, as l to 1, and the dead to the births 
as 1 to- b, the proportion given to what their number is at present as p to I, and 
the number of years required to be y. It is plain then, that the dead at the end 
of the first year will be y and the births y, and the whole number of people 

must be n + y — j. In like manner, at the end of the 2d year, the dead will 
be ■* > and the births — — ~ ~ and the whole number of people 

must be n + y — j + — 1 jr — ( } ) «- And so at 

the end of the 3d year the number of people will be ( * + * ~ - ) a n. From which 


at length it is evident by induction, that the number of people at the end of the 
required number of years will be + ■ ~ * ) n- But as the proportion is then to 

be as p to 1, we shall have (-^-y-— ) w = pn, and thence (/ + 6 — 1)* = plJ. 
And because the logarithms of equal quantities must be equal, we shall have 
y X log. (/ + b - I) = log . p ^ y X log. /, and alsoy = 1 og . (/ + - log . r 

And therefore the number of years y is determined by. the logarithms of known, 
quantities, when the people shall be in the given proportion of p to 1, 

It may be observed that the quantity ( * + y~ - )*n may be considered as the or- 
dinate of the logarithmic curve, whose abscisse is the index y, and that the ordi- 
nate passing through the beginning of the abscisse, where y = 0, must be 
equal to n. 

If now it be required to know when the people shall be doubled; let us sub- 
stitute in the above formula, instead of b, l, p, the respective numbers 1.12, 40, 

2. and it will be y = log , ^ ^ x)._ iog.4o ; 81111411611 the logarithms being 

taken we shall have v = ° ,3 v 1 ? 3 ^ = 231: which shows that, according to the 
9 0,0013009 6 

present state of births and burials, the people could not be doubled in less than 
231 years. And by the same method it appears, changing the signs of b — 1, 
that 230 years ago, in the time of Henry the 8th, the number could not be 
above 4- of what it is now, that is about 3 millions. 

And so if we were to find, when the number of people in England would be 
increased to 9 millions, which, by what has been said above, is near about the 


outmost that can be maintained, from the natural produce of the country; we 
should then have /> = -!-= 1.5, because 9 millions is to the present number as 


3 to 2, and also y = 


lo g. i -5 

log. (40 + 1.12 — 1) — log. 40 


0,1760913 ... ... 

0,0013009 ~ 135 ; w1uc1l 
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shows that, at the present rate of births awl burials, -it must be 183 years before 
England can be fully peopled. 

If we suppose, as Sir William Petty does, that the burials are to the births as 
g to 10, that is i to l.i 11, which is something less than that of Dr. Derharo’s 
proportion, and that 1 dies in 40 in a year; if we substitute these numbers in 
the formula, we shall then find the time of doubling to be 250 years. For then 

«»i" key = i^T»rrrn~rTo-r4o “ sftsssi = 250 > ' vhich 6ho ™ 

how far Sir William was mistaken in his method of calculation, when he made 
the time to be 360 years. 

After the same manner, the number of years being given, it will be easy to 
find the proportional increase. Suppose after 45 years. For then we should 
have 45 X log. (/ -f b — l) — 45 X log, l as log. />; which will give 45 X 
0.0013009 =*; log.jb, and therefore p — 1.1443, from which if n be equal to 
5,467,860, we have pn as 6,256,872, So that it appears if there was 5,467,860 
people in England at the year 1710, when the above-mentioned survey was made, 
there is now 6,250,000; if none were to be deducted on account of our wars, 
and emigrations to our colonies sinoe that time. 

From what has been found above, that (/-ft — iy = pP, it is evident, that 
the ratio of the increase in any number of years may be determined, without the 
number of people being known, or their proportion to the annual increase ; and 
also that any one of the quantities l, b, y, p, may be found, the others being 
known. But if the ratio of the number of people to the annual increase be 
known; and consequently the proportion, of the number in any one year, to 
the number next year known, we shall then have a very simple equation. For 
if we suppose the number of people in any one year, to be to that number with 
the increase added in the next year, as i to r, we shall then have nr* = np, or 
7* * p. And, in like manner, if the preportion of the number of people to 
their increase, in a given cycle of years, had only been known, and that cycle 

be c, we should then have nre a np, or r* ssp. From which formula it would 
be easy to calculate the numbers of mankind, in all ages through the world, if 
we suppose them to arise from a given number, and the rate of increase known, 
in any period of years. And this may sometimes be of use to disoover the 
number in any age, that might be possible to reason on, and to find out the truth 
of any hypothesis, 

JLLVl. An4ttem.pt to Explain Two Roman Inscriptions, cut on two Altars, 

which wtre dug up some time since at Bath • By John Ward, XX.JD. and 

V, P. R. S . p. 285. 

These two inscriptions were found near the same time and place, with that 
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which has been almdy published in the 48th vol. of the Philos. Tran?. The 
altars, which contain them, ate in the possession of Dr. William Oliver, physi- 
cian at Bath, who has placed them in his garden, and who transmitted draughts' 
of them, with their inscriptions, taken by the Rev. Mr. Borlase, f.b.s. And 
after that, Mr. Prince Hoare sent casts of the inscriptions in plaster of Paris. 

The inscription on the higher altar may, Dr. W. thinks, be thus read in words 
ait length: 

Ftregrtnus Secundi Jtlius, tivis Trever, Jovi Cetio, Marti, et Nemetona, votum 
solvit libens merito. 

The person, who dedicated this altar, . calls himself Peregrin vs SscvNor 
FiLrvs; each of which names occurs several times in Grater, as- a cognomen, 
which often stands alone, when the person named is sufficiently distinguished by 
it. Having given us his own name, aBd that of his father, he proceeds to ac- 
quaint us with his country, and stiles himself Civis Theveb, a people who in- 
habited that part of Bdgic Gaul between the Maese and the Rhine, which is 
now the electorate of Triers; and were conquered by Caesar, with the rest of 
the Gaffic nations. Their chief eity, which was situated on the Moselle, being 
made a Roman colony in die reign of Augustus, is by Tacitus called Colonia 
Treveroram, but by others more frequently Augusta Treverorum, and now 
Triers. 

The 3 following lines of the inscription contain the names of 3 deities, to 
whom this altar was dedicated. The first of these is here called Ivpitbr Cbtivs. 
Ptolemy makes mention of a large mountain in Germany, which he calls Kmor, 
and describes as the eastern boundary of Noricum, by which it was separated 
from Pannonia, now Hungary. From this mountain it seems highly probable, 
that the name Cetius might be given to Jupiter, as its tutelar deity. 

The 3d and last name here mentioned, is Nemetona, which Dr. W. had no 
where else met with ; but as it stands connected with the two former by the par- 
ticle et, it must, he thinks, denote some deity, and by the termination a god- 
dess. The last line of the inscription acquaints us with the eause of erecting 
this altar, which was the performance of some vow, formerly made by Peregrinus. 
And it is not improbable, that he had laboured under some bodily disorder, 
which occasioned his going to Bath for the benefit of the waters, which in the 
time of the Romans were in so high esteem. And the good success which he' 
met with by the use of them, may be concluded from the tenor of the inscrip- ' 
tion, wherein he makes his acknowledgement to the deities above-mentioned, - 
for the benefit be had received through their favour, in consequence of his ad- 
dresses to them for that purpose. For as it was a common notion of the aneient. 
pagans, that all human affairs were under the direction of their deities; so in 
any danger or misfortune they used to solicit them for relief, with vowa and pro- 
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mises of erecting altars and other buildings to their honour, in case of a fhvour- 
able answer. Which, when performed, they were said votum solvere, as the 
letters v. s. -here imply. 

The other inscription, on the lower altar, when expressed in words at length, 
smay be read in the following manner: 

Sulevis Sulinus Scultor, Bruceli flius, sacrum fecit libens merito. 

That the first word Svlevis denotes a name given to certain rural goddesses, 
called Sulevae, is plain from an inscription found on a stone at Rome, and pub- 
lished by Fabretti, in which they are joined with Campestris. The 2 next words, 
jSvlinvs Scvltor, must, he thinks, stand for the names of the person who 
dedicated this altar; as the 2 following, Brvceti p. acquaint us with that of 
his father. The words Sacrvm fecit, in the last line, are of the same import 
with dedieayit; in which sense likewise sacrum alone is often used. And some- 
times the reason.of the dedication is added, as, sacrum, voto suscepto, fecit, in 
Gruter. But that not being mentioned here, must remain unknown. 

There is nothing said in either of these inscriptions, which can afford any light 
towards settling the time, when they were erected. But so far as appears from 
the form of the letters, they may not improbably be supposed of somewhat a 
later date, than that mentioned before, as found near the same place. 

XL VII. Of a remarkable Echinus. By Gust. Brander, Esq. F.R.S, p. 2Q5. 

This echinus was of a very singular species. It appeared to be of a middle nature 
between the echinus and the star-fish. It came from the island of Bourbon in 
the East Indies, and he could not learn that it was any where described. See fig. 
10, pi. xi. 

XLVUI. Of an Impression on a Stone dug up in the Island of Antigua , and 

the Quantity of Rain fallen there for 4 Years. By the Rev. Francis Byam* 

p. 295. 

This stone was brought from a quarry for a building in the town of An- 
tigua: the quarry is in the side of a mountain, and is about 300 yards higher 
than high-water mark, and about 2 miles from the sea. When the mason struck 
it with his hammer it split in two, and discovered the exact figure of a fish, on 
each stone, called an old wife. 

The quantity of rain that fell in Antigua, was in 1751, 51.8 inches; in 1752, 
43.3 inches; in 1753, 32.8 inches; in 1754, 75.2 inches. 

XL IX. On the Stones mentioned in the Preceding Article. By Mr. Arthur 

Pond , F. R. S. p. 297. 

The impression of this fish is in a chalky kind of stone, of a pale ochrey co- 
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lour; sope parts, when scraped, are white, and all the impression is of a yellow- 
ish brovyn, nearly the colour of brown ochre., The impressions of the bones 
and fins are very perfect; and the cavity, that contained the back-bone, ex- 
tremely sjiarp and delicate. When Mr. P. first saw it, 2 or 3 of the vertebrae 
were in it, All the cavities of the bones are now sufficiently open to contain 
them, au4 it is probable that most, if not all of them, were in the stone, when 
it was first split. Between the rib-bones and the two long fins, which come 
down from the head, which parts were only fleshy, there is no impression, the 
stone having united quite through ; and on the upper part of the fin, by the 
side of the cheek, is a deep impression of a very small cockle-shell. The im- 
pression on the counter-part of the stone is much the same, except that the 
tail is wanting. 

L. On the Effects of Lightning in the Danish Church, in Wellclose-square. By 
Gustavus Brander, Esq., F. It. S. p. 298. 

On Monday, Nov. 17, between 6 and 7 o’clock, there was, among many 
others, one most amazing -flash, accompanied with a clap of thunder, that 
equalled in report the largest cannon. The next morning, the minister observ- 
ing the church clock to be silent, they went into the belfry, and found the wire 
and chain, that communicated from the clock in the belfry, to the clapper 
in the turret, where the bells hang, were melted; and that the small bar of iron 
from the clock, that gives motion to the chain and wire,- just where the chain 
was fastened, was melted half through, the bar being about -j- of an inch broad, 
and half an inch thick. By several links of the chain, and of the wire, it is ob- 
served, that the lightning took effect only in the joints. But whether it entered 
by communication, from the wire exposed to the air in the small turret, through 
the roof of the belfry, or at the windows, there being several panes broken in the 
south and west comers, is uncertain ; though Mr. B, presumes rather the first 
way, as it is very possible, that the bare report of the thunder might have oc- 
casioned the latter. t 

The pieces of the wire and chain were scattered over the whole belfry, nor 
could it be discerned, that the wood-work, or ought else, had suffered. 

LI. Electrical Experiments, made in Pursuance of those by Mr. Canton, dated 

Dec. 3, 1753; with Explanations. By Mr. Benjamin Franklin, F.R.S. 

Dated Philadelphia, March 14, 1755. p. 300. 

Principles. — l. Electric atmospheres, that flow round non-electric bodies, 
being brought near each other, do not readily mix and unite into one atmosphere. 
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but remain separate, and repel each other. This k plainly seen in suspended 
cork balls, and other bodies electrified. 

2. An electric atmosphere not only repels another electric atmosphere, but 
will also repel the electric matter contained in the substance of a body approach- 
ing it ; and, without joining or mixing with it, force it to other parts of the 
body, that contained it. This is shown by some of the following experiments. 

3. Bodies electrified' negatively, or deprived of their natural quantity of elec- 
tricity, repel each other, (or at least appear to do so, by a mutual receding) aa 
well as those electrified positively, or which have electric atmospheres. This is 
shown by applying the negatively charged wire of a phial to two cork balls, sus- 
pended by silk threads, and by many other experiments. 

Preparation. — Fix a tassel of 15 or 20 threads, 3 inches long, at one end o t 
a tin prime conductor ; (mine is about 5 feet long, and 4 inches diameter) sup- 
ported by silk lines. Let the threads be a little damp, but not wet. 

Exper. 1. — Pass an excited glass tube near the other end of the prime con- 
ductor, so as to give it some sparks, and the threads wilt diverge. — Because, each 
thread, as well as the prime conductor, has acquired an elastic atmosphere, which, 
repels, and is repelled by, the atmospheres of the other threads : if those several 
atmospheres would readily mix, the threads might unite, and hang in the middle 
of one atmosphere, common to them all. 

Rub the tube afresh, and approach the prime conductor with it, crossways^ 
near that end, but nigh enough to give sparks ; and the threads will diverge a. 
little more. Because the atmosphere of the prime conductor is pressed by the 
atmosphere of the excited tube, and driven towards the end where the threads 
are, by which each thread acquires more atmosphere. 

Withdraw the tube, and they will close as much. — They close as much, and. 
no more, because the atmosphere of tlie glass tube, not having mixed with the- 
atmosphere of the prime conductor, is withdrawn entire, having made no addition 
to, or diminution from, it. 

Bring the excited tube under the tuft of threads, and they will close a little. 
— They close, because the atmosphere of the glass tube repels their atmospheres, 
and drives part of them back on the prime conductor. 

Withdraw it, and they will diverge as much. — For the portion of atmosphere,, 
which they had lost, returns to them again. 

Exper. 2. — Excite the glass tube, and approach the prime conductor with it, 
holding it across, near the opposite end, to that on which the threads hang, at 
the distance of 5 or 6 inches. Keep it there a few seconds, and the threads of 
the tassels will diverge. Withdraw it, and they will close. — They diverge, be- 
cause they have received electric atmospheres from the electric matter before 
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contained in the substance of the prime conductor ; but which is now repelled 
and driven away, by the atmosphere of the glass tube, from the parts of the 
prime conductor, opposite and nearest to that atmosphere, and forced out upon 
the surface of the prime conductor at its other end, and on the threads hanging 
to it. Were it any part of the atmosphere of the glass tube, that flowed over 
and along the prime conductor to the threads, and gave them atmospheres (as m 
the case when a spark is given to the prime conductor, from the glass tube), 
such part of the tube’s atmosphere would have remained, and the threads con- 
tinue to diverge; but they close on withdrawing the tube, because the tube takes 
with it all its own atmosphere, and the electric matter, which had been driven 
out of the substance of the prime conductor, and formed atmospheres round the 
threads, is thereby permitted to return to its plaoe. 

Take a spark from the prime conductor, near the threads, when they are di- 
verged as before, and they will close. — For by so doing you take away their at- 
mospheres, composed of the electric matter driven out of the substance of the 
prime conductor, as aforesaid, by the repellency of the atmosphere of the glass 
tube. By taking this spark, you rob the prime conductor of part of its natural 
quantity of the electric matter ; which part so taken is not supplied by the glass 
tube; for when that is afterwards withdrawn, it takes with it its whole atmo- 
sphere, and leaves the prime conductor electrized negatively, as appears by the 
next operation. 

Then withdraw the tube, and they will open again. — For now the electric 
matter in the prime conductor, returning to its equilibrium, or equal diffusion, 
in all parts of its substance, and the prime conductor having lost some of its na- 
tural quantity, the threads connected with it lose part of theirs, and so are elec- 
trized negatively, and therefore repel each other, by Pr. 3. 

Approach the prime conductor with the tube near the same place as at first, 
and they will close again.— Because the part of their natural quantity of electric 
fluid, which they had lost, is now restored to them again, by the repulsion of 
the glass tube forcing that fluid to them from other parts of the' prime conduc- 
tor : so they are now again in their natural state. 

Withdraw it, and they will open again.— For what had been restored to them 
is now taken from them again, flowing back into the prime conductor, and 
leaving them once more electrized negatively. 

Bring the excited tube under the threads, and they will diverge more, — Be- 
cause more of their natural quantity is driven from them into the prime conduc- 
tor, and so their negative electricity increased. 

Exper. 3.— The prime conductor not being electrified, bring the excited tube 
under the tassel, and the threads will diverge.— Part of their natural quantity is 
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thus driven out of them into the prime conductor, and they become negatively 
electrized, and therefore repel each other. 

Keeping the tube in the same place with one hand, attempt to touch the 
threads with the finger of the other hand, and they will recede from the finger.— 
Because the finger being plunged into the atmosphere of the glass tube, as well 
as the threads, part of its natural quantity is driven back through the hand and. 
body, by that atmosphere, and the finger becomes, as well as the threads, nega- 
tively electrized, and so repels, and is repelled by them. To- confirm this, hold 
a slender light lock of cotton* 2 . or 3 inches long, near a prime conductor, that 
is electrified by a glass globe, or tube. You will see the cotton- stretch itself out 
towards the prime conductor. Attempt to touch it with the finger of the other 
hand, and it will be repelled by the finger. Approach it with a positively charged 
wire of a bottle, and it will fly to the wire. Bring near it a* negatively charged 
wire of a bottle, it will recede from that wire in the same manner, that it did 
from the finger ; which demonstrates the finger to be negatively electrized, as 
well as the lock of cotton so situated- 

LII. Extract of a Letter concerning Electricity , from Mr. B. Franklin to 

Mons. Delibard, inclosed in a Letter to Mr. Peter. Collinson, F. R. S. Dated 

Philadelphia , June 29 , 1755. p- 305, 

You' desire my opinion of Pere Beccaria’s Italian book. I have read- it with 
much pleasure, and think it one of the best pieces on the subject, that I have 
seen in any language. Yet as to the article of water-spouts, 1 am not at present 
of his sentiments ; though I must own with you, that he has handled it very 
ingeniously. Mr. Collinson has my opinion of whirlwinds and waterspouts at 
large, written some time since- I know not whether they will be published ; if 
not, I well get them transcribed for your perusal. It does not appear to me, 
that Pere Beccaria doubts of the absolute impermeability of glass in the sense I 
mean it ;. for the instances he gives of holes made through glass by the electric 
stroke, are such as we have all experienced, and only show that the electric 
fluid could not pass without making a hole. In the same manner we say, glass 
is impermeable to water, and yet a stream from a fire-engine will force through 
the strongest panes of a window. As to the effect of points in drawing 1 the elec- 
tric matter from clouds, and thereby securing buildings, &c. which, you say, he 
seems to doubt, I must own I think he only speaks modestly and judiciously.. 
I find I have been but partly understood in that matter. I have mentioned it in ■ 
several of my letters, and except once, always in the alternative* viz. that pointed 
rods erected on buildings, and communicating with the moist earth, would either: 
prevent a stroke, or, if not prevented, would conduct it, so as that the building 
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should suffer no damage. Yet whenever my opinion is examined in Europe, 
nothing is considered but the probability of those rods preventing a stroke, or 
explosion ; which is only a part of the use I proposed from them ; and the other 
part, their conducting a stroke, which they may happen not to prevent, seems 
to be totally forgotten, though of equal importance and advantage. 

I thank you for communicating M. de Buffon’s relation of the effect of light- 
ning at Dijon, on the 7th of June last. In refum give me leave to relate an 
instance I lately saw of the same kind. Being in the town of Newbury in New- 
England, in November last, I was shown the effect of lightning on their church, 
which had been struck a few months before. The steeple was a square tower of 
wood, reaching 70 feet up from the ground to the place where the bell hung, 
over which rose a taper spire, of wood likewise, reaching 70 feet higher, to the 
vane or weather-cock. Near the bell was fixed an iron hammer to strike the 
hours ; and from the tail of the hammer a wire went down through a small 
gimblet hole in the floor that the bell stood upon, and through a second floor in 
like manner ; then horizontally under and near ^he plastered ceiling of that se- 
cond floor, till it came near a plastered wall ; then down by the side of that wall 
to a clock, which stood about 20 feet below the bell. The wire was not thicker 
than a common knitting needle. The spire was split all to pieces, by the light- 
ning, and the parts flung in all directions over the square in which the church 
stood, so that nothing remained above the bell. 

The lightning passed between the hammer and the clock in the above-men- 
tioned wire, without hurting either of the floors, or having any effect upon 
them, except making the gimblet-holes, through which the wire passed, a little 
larger, and without hurting the plastered wall, or any part of the building, so 
far as the aforesaid wire and the pendulum wire of the clock extended ; which 
latter wire was about the thickness of a goose-quill. From the end of the pen- 
dulum, down quite to the ground, the building was exceedingly rent and da- 
maged, and some stones in the foundation-wall torn out, and thrown to the, 
distance of 20 or 30 feet. No part of the afore-mentioned long small wire, be- 
tween the clock and the hammer, could be found except about 2 inches, that ' 
hung to the tail of the hammer, and about as much that was fastened to the 
clock ; the rest being exploded, and its particles dissipated in smoke and air, as 
gunpowder is by common fire, and had only left a black smutty track on the 
plastering, 3 or 4 inches broad, darkest in the middle, and fainter towards the 
edges, all along the ceiling, under which it passed, and down the wall. These 
were the effect? and appearances: on which I would only make the few following 
remarks; viz. 

1. That lightning, in its passage through a building,' will leave wood, - to pass 
as for as it can in metal, and not enter the wood again till the conductor of metal 
vol. x. 4 M 
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ceases. And the same I have observed in other instances, as to (Walls of brick or 
stone. 2 . The quantity of lightning, that passed through this steeple, inu 3 t 
have been very great, by its effects on the lofty spire above the bell, and on the 
square tower all below the end of the clock pendulum. 3. Great as this quan- 
tity was, it was conducted by a small wire and a clock pendulum* without the 
least damage to the building, so far as they extended. 4. The pendulum rod 
being of a sufficient thickness, conducted the lightning without damage to. itself; 
but the small wire was utterly destroyed. 5. Though the, small wire was itself 
destroyed, yet it had conducted the lightning with safety to the building. 6. 
And from the whole it seems probable, that if ever 6uch a small wjre had been 
extended from the spindle of the vane to the earth, before the storm, no damage 
would have been done to the steeple by that stroke of lightning, though the wire 
itself had been destroyed. . ; • i . rn 

LI II. On the Effects of Lightning at Dor kin in Surrey. By Mr. William Child. 

P' 3 ° 9 ; »! . : • -_*i. .-i : ' 

Monday, July ]6, 1750, a storm arose about 7 o’clock in ; the . evening. 
During the preceding part of the day the air was of, a very reel fiqry appejirqncp, 
accompanied with frequent thunderings. About 6 o’clock, the yyipil rose, ,and 
blew exceedingly strong, and in a very short time the hemisphere became un- 
commonly dark; the flashes of lightning were much stronger^ and carpe in very 
short intervals of time, and the thunder-claps long and loud, attended with a 
very hard rain for near half an hour, in which , time caopp the strongest flash of 
lightning he ever saw, and instantly with it the most terrible burst of thunder. 
Several persons, who were near, saw, at the same time, in different places about 
Mr. Worsfold's house, large balls of fire, which,, as they fell Qn the houses or 
ground, divided into innumerable directions. , . 

The lightning entered Mr.. Worsfold’s house on the squth pide of the roof,, 
dose in a small angle of a stack of chimneys, that stand out several feet above 
the tiling, and falling perpendicular through the roof, met, with a small crank, 
which was in a passage between the north- and south chambers : to which crank 
hung a bell, and from the crank went a wire both ways into the two chambers. 
It ran along the wire that went into the back or. south chamber, melting it to 
the end, and when it left it split the post of a bed, that stood in the chamber, as 
if it had been cleft with wedges. It followed the course of the other wire into 
the north- chamber, which turned towards the east, and wept partly round the 
room, following its direction in every angle where the wire went,* till it reached 

* These wires conducting the lightning, as far as they went, confirms Mr. Franklin’s opinion, that 
if they had been extended to the earth, the great damage that ensued might hare been prevented* 
— Orig. 
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the end, which was joined by a string, to which hung a handle for ringing the 
bell, it being close by the side of the bed : but the greatest force of the lightning 
seemed to fall perpendicularly down the side of a wall in the chamber. Against 
the chimney were hung several barometers, the glasses of which were all shat- 
tered to pieces, add forcing away the plastering of the wall, entered the shop, 
piercing through the two upper shelves, and the parcels of nails, &c. that were 
on them. And here it is observable, that from the perpendicular course it took 
the same direction 1 in the shop, as in the chamber over it, but in almost as many 
lines as there were shelves, leaving very visible marks of its course. Near its 
perpendicular course ih tlie shop, on one of the shelves, it pierced through 7 
box irons, making a small hole about the size of common shot on one side, and 
leaving a roughness; on the opposite side of each box where it came out. The 
several parcels of nails, tacks, hinges, &c. that lay in the course it took, were 
very plainly affected by it : some of the small tacks in particular were soldered 
together, 6, 7» 6 , or JO in a clump, as if scalding metal had run over them. 
The papers of the parcels were burnt in small holes. At one end of the shelves 
hung several long pendulums, the springs of which were melted so that they fell 
to the ground; and the lightning spreading its remaining force to some littered 
straw! and packing paper, that lay about the shop, set fire to them, which was 
happily extinguished without doing any further damage. Mr. Worsfold was in 
his shop the whole time, but received no hurt. . 

LIV. On the great benefit of Blowing Showers of Fresh Air up through Distil- 
ling Liquors. By Stephen Hales, D. D-, F. R. S, p P 3 1 2. 

The great importance of having a sufficient supply of fresh water in ships, has 
been the occasiqn of many laudable attempts to make sea-water fresh and whole- 
some.: .but all the attempts and discoveries hitherto made have laboured’ under .this 
great and material objection, viz. the great quantity of. fuel that was necessary to 
distil, with a slow progress* a small quantity of water, by any methods of distilla- 
tion , hitherto known. But Dr. H. had discovered an easy and effectual method 
to distil great quantities of water with little fuel ; which he was Led to by the fol- 
lowing incidents; viz. Mr. Shipley, secretary of the society for the encouragement 
of arts, manufactures and commerce, brought him acquainted with Mr. William 
Baily of Salisbuiy-court, the author of many ingenious contrivances ; who 
showed him, in a small model of a tin vessel, a method, by which he has happily 
increased the force of the engine to raise water by fire, viz. by lifting up some of 
the boiling water, at every stroke, by means of a conical vessel, with small holes 
in it, full of tow>; by which the quantity of the ascending steam was considerably 
increased. , This led him to think, that a greater quantity of liquor might also by 
this means be distilled ; but on trial he found the increase to be only a twelfth 
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part, though considerable in the expanded form of a steam. Hence he was led to 
try what would be the effect of causing an incessant shower of air to ascend 
through the boiling liquor in a still ; and this he found on trial to be very consi- 
derable. There was another circumstance also, which probably conduced to lead 
him to this thought, viz. About six months before, Mr. Littlewood, a ship- 
wright at Chatham, came to communicate to him an ingenious contrivance, soon 
to sweeten stinking water, by blowing a shower of fresh air through a tin pipe 
full of small holes, laid at the bottom of the water. By this means he said he 
had sweetened the stinking bilge water in the well of some ships ; and also a butt 
of stinking water in an hour, in the same manner as Dr. H. blew up air through 
com and gunpowder, as mentioned in the book on Ventilators. 

The method which he used to blow showers of air up through the distilling 
water, was by means of a flat round tin box, 6 inches diameter, and an inch and 
half deep; placed at the bottom of the still, on 4 knobs or feet half inch high, 
to make room for the liquor to spread over the whole bottom of the still, that 
the heat of the fire iAay come at it. In larger stills this box must be propor- 
tionably larger, and have higher feet. And as the mouth of the still is too narrow 
for the tin box to enter, which box ought to be within 2 inches as wide as the 
bottom of the still ; therefore the box may be divided into 2 parts, with a hinge 
at one edge or side, and a clasp at the other, to fix it together, when in the still. 
This box must be of copper for distilling sea-water. The air-pipe, which passes 
through the head of the still, will help to keep the air-box from moving to and fix) 
by the motion of the ship ; or, if that should not be found sufficient^ 3 or 
4 small struts may be fixed to the sides of the air-box. They must reach to 
the sides of the still. The cover and sides of the air-box were punched frill of 
very small holes, a 4th of an inch distant from each other, and about the 
20th part of an inch in diameter. On the middle of the cover or lid of this 
air-box, was fixed a nosil more than half inch wide, fitted to receive, to put on, 
and take off the lower end of a tin pipe, 20 inches long, and passed through 
a hole in the head of the still : 4 inches of the upper end of this pipe were 
bent to a crook, almost at a right angle to the upright stem, to unite the crook to 
the widened nose of a pair of kitchen double bellows, by means of a short leathern 
pipe of calves-skin. See pi. 15, fig. 8. 

The double bellows were bound fast to a frame, at the upper part of the iron 
nose, and at the lower handle, the more commodiously to work them. And that 
the upper half of the double bellows may duly rise and fall, to cause a constant 
stream of air (besides the usual contracting spiral springs withinside), several flat 
weights of lead must be laid on the upper part of the bellows, hear the handle^ 
with a hole in their middle, to fix them on an upright iron pin fastened on the bel- 
lows ; that by this means the weights may the more commodiously be put on or 
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taken off. For, according to the different depths of the liquor in the still, so. 
will the force of the included air, against the upper board of the bellows, be more 
or less. Wherever the stills are fixed in ships, the air may be conveyed to them 
from the bellows, either through a small leathern pipe, distended with spiral coils 
of wire, or through Bamboo canes, or broad small wooden pipes, like hollow 
fishing rods. In several distillations of a quart at a time. Dr. H. found the 
quantity distilled by ventilation to be more than the double of that in the usual 
way. So that the quantity by ventilation may, at a medium, be estimated the 
double of the usual distillation. It is the well-known property of moving air, to 
cany along with it a considerable quantity of adjoining vapour, as also of falling 
water to carry much air down along with it. It is to be hoped therefore, that so 
considerable an increase in the quantity distilled will be of great benefit to navi- 
gation, as it may be done in less time, and with less fire. 

In the account of Mr. Appleby’s process, for making sea-water fresh, pub- 
lished by order of the lords of the admiralty, in the Gazette of Jan. 22 , 1754, it 
is said that a still, which contains 20 gallons of water, will distil 60 gallons in 
10 hours, with little more than one bushel of coals ; and therefore 120 gallons 
in 20 hours, with little more than 2 bushels of coals. And by ventilation 240 
gallons, or a tun ; and 24 gallons may be distilled in 20 hours, making an al- 
lowance for the times of heating those stills full of cold water; and still a larger 
and wider will distil a tun in 24 hours ; which will more than suffice for a sixty 
gun ship, with 400 men, whose provision of water for 4 months is about 110 
tuns. And larger ships may either have proportionably larger stills, or else two 
of them. As for merchant ships with few men, a small still will be sufficient. 

There are holes in the feet of the iron frame or stove of these stills, to screw 
them down to the deck. They were fixed at the fore-castle before the mast, in 
King Charles the 2d’s time, when they thought they had discovered the way to 
distil sea-water, free from the noxious spirit of salt, and from the nauseous bitter 
taste. Or, if it be thought proper, one part of the ship’s boiler may be made use 
of, by adapting a still-head to it. 

Doctor Butler, in his lately published method of procuring fresh water at sea, 
proposes the pouring in more sea-water into the still, through a funnel fixed in a 
small hole in the head or upper part of the still, when more than half the former 
water is distilled off; by which means the water in the still will soon acquire a dis- 
tilling heat ; and this to be repeated several times ; but then it will be requisite to 
add each time more chalk, in such proportion as shall be found requisite. It will 
be well to try this method in hopes to increase the quantity of water distilled. The 
hole in the head, or upper part of the still, is to be stopped with a small plate of 
copper, so fixed as to turn to and from over the hole. Doctor Butler used capital 
soap-lees, in the proportion of a wine quart to 1 5 gallons of sea-water, which 
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sufficed for 4 or 5 times repeated pouriugs-in of more sea-water into the still. But 
as a small quantity of chalk has the same good effect, and is cheaper, and more 
easily to be had, it is therefore preferable to soap-lees> 

When there is a fire in the cook-room, the sea-water might be ready heated to. 
put into the still, without any additional expence of fuel, in. the following manner : 
about the year 17 18, Mr. Schmetou, a German gentleman, got a patent here for 
heating great quantities of water, with little expence of fuel. Having fixed a 
spiral iron worm-pipe, in such a brick stove or chimney as women heat their irons 
in, thus causing the water to run from a vessel, through the worm-pipe, several 
feet length round, in the fire. About 30 years after. Dr, H. acquainted Mr. 
Cramond of Twickenliam with this^ hoping it might be of benefit in distilling sea- 
water. On which he procured such a spiral iron worm-pipe, about 20 feet 
long, and W inch diameter; the diameter of the spiral coil was about 14 indies. 
This Dr. H. fixed in a brick stove in his garden, with its upper end fixed to a 
vessel, which contained 45 gallons of water. He found the event of this first 
trial to be as follows, viz. When the water ran full bore, at the rate of a gallon in 
17 seconds, the heat of the water was found, by a mercurial thermometer held in 
the stream, at the lower end of the pipe, to be 80 degrees above the freezing 
point, 180 degrees being the heat of boiling water. When, by means of a turn- 
cock, a gallon of water was 2 minutes in running, then the heat was 140. At 
which rate the 45 gallons would be an hour and half in running through the iron 
pipe; at which rate 25 gallons will run through in 50 minutes, with so consi- 
derable a degree of heat; and if it was an hour running, the heat would approach 
still nearer to a boiling heat, when first put into the still, which would, forward 
the distillation, if wanted. • 

He pumped the heated water up again into the upper vessel; and thus conti- 
nued to circulate the heating water, till its heat was l6o degrees in the upper 
vessel, viz. within 20 degrees, or of boiling, the heat requisite for plentiful dis- 
tillation. He was in hopes, that if the water in the upper vessel could have been 
brought to a due degree of heat, and a still-head were fixed on it, with its cool- 
ing worm-tub, then water might have been distilled in ships, by having the iron 
worm-pipe fixed in the chimney of the cook-room : but he found, that when the 
heat of the water in the upper vessel was ] 60 degrees ; then, in running through 
the iron worm-pipe again, it was so over-heated as to expand in the pipe, into an 
■explosive vapour* which hindered the running of the water. However he thought 
it not improper to give an account of this attempt, though it failed. 

Now that several effectual means are discovered, to make distilled sea-water 
wholesome, and also to distil it in much greater quantity in the same still, in the 
same time, and with nearly the same quantity of fuel ; it is reasonable to believe* 
that it will be of great benefit to navigation, not only in saving much stowage- 
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room, for other important purposes ; but also in procuring fresh sweet wholesome 
water, instead of stinking putrid water, hitherto used ; which must needs have a 
tendency to promote that putrid distemper; the scurvy. And if due care be taken 
to exchange for fresh air, the putrid dose confined air of ships, which has occa- 
sioned the death of millions of mankind ; then navigation will become more 
healthy, and with little more danger to health and life than at land, except from 
storms. ' 

.Dr. H. f distilled 3 gallons of sea-water, withthe proportion of 6 07 . .of Mr. 
Appleby’s lapis infernalis, and 6 oz. of calcined bones to 20 gallons of sea- 
water, as he> directs. This wafer lathered well with soap, and boiled peas well. 
He distilled also’same sea-water with half an ounce of stone-lime to a gallon, from 
the Clee hills, in Herefordshire, which having been preserved 10 months in a 
firkin, .had slackened to dry powder* This distilled water also lathered well with 
soap, and boiled peas well ; which proves that the lime, which is a fixed body, 
does not distil over with the water. Afterwards General Oglethorpe informed 
him, that his father, Sir Theophilus, told him, that lime was one of the ingre- 
dients, which he and the rest of the patentees, in Charles the second’s time, called 
the. oemeat,. wfh which they made distilled sea-water wholesome. He distilled 
also some sea-water with the like proportion of powdered chalk, which boiled peas 
well, and was better tasted than the waters distilled with lapis infernalis, or lime. . 
He distilled also some sea-water with an ounce of chalk to a gallon, but found no . 
difference in the taste of this, arid that: which had but half an ounce of chalk to a . 
gallon: so that half an ounce of chalk to a gallon of water will be sufficient; but 
where the. sea-water is salter, or more bituminous, more chalk may be added if 
Heedful. 

Dr. Alston, of Edinburgh, in the preface to the 2d edition of his Dissertation 
on Quick-lime and Lime-water, says, That “ the like effect was found in distill- 
ing sea-water with lime; that it; neither precipitated a solution of silver in aqua- 
fortis, nor a solution of corrosive sublimate in water, nor did it form a pellicle of 
various colours on its surface, as did the water distilled by Mr. Appleby’s process.’’ 
And indeed lime of oyster-shells had the same good effect, but required two dis- • 
filiations, perhaps by using it in too small a proportion. Hence it is probable, that 
the chalk, the lime, the lime in file lapis infernalis, and the lime in Dr. Butler’s 
soap-lees, seize on and fix not only the bittern salt, but; also the bitumen of the 
sea-water, as we learn from the like effect in the purification of the salt of harts- 
horn. That the saline spirit arises chiefly from the bittern salt, and not from 
the more perfect sea-salt, is probable from hence, viz. That in distilled 3 gallons 
of common water, made as salt as sea-water with common salt; no spirit of salt 
arose, even though the distillation was carried so far as to leave the salt, though . 
very damp, to lie in. heaps, and. it was incrustedon the sides of the still, for about. 
3. inches from the bottom. . 
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It is also a considerable advantage, that water thus distilled by ventilation, being 
thus replete and freshened with air, has for present use a more agreeable taste than 
water distilled without ventilation, which requires the standing a longer time to 
have its more disagreeable adust taste go off. And as the volatile oil of pepper- 
mint arises on the wings of the ventilating air during the distillation ; so also may 
that part of the bitumen, which is volatilized by heat ; as also the volatile urinous 
salts of the sea-water, which arise from animal substances, be sublimed in the 
same manner. It was observable, that the water distilled fast, even though the 
water in the still was below the surface of the tin airy box, through which the great- 
est part of the ascending shower of air rushed. Hence the ventilating air, in as- 
cending among the vapours, carries them off fast. Hence it is to be suspected, 
that this method of ventilation will not do well for simple waters, or fermented 
vinous spirits ; because they being very volatile, much of them may be carried off 
in waste. It was also observable, that in these' distillations of sea-water, no 
whitish clouds appeared on dropping in solution of corrosive mercuiy, not even 
when considerably more than 4 parts in 5 of the water had been distilled over. 
And it was the same with the mixture of lapis infemalis, lime, and chalk ; whence 
it is probable, that the lime and chalk seize on and fix the more volatile 
bittern salt, as does also the lime in the lapis infemalis. And it is well known, 
that sugar, that sweet salt, cannot be made without lime, on which, as its 
centre of union, it fixes and granulates. And whereas with a solution of silver 
in aqua-fortis, which was much weakened and diluted with water, there appeared 
a faint degree of whitish cloud, in all the above-mentioned distillations, though 
not with the stronger solution of mercury, till the distillation was carried on 
much beyond 4 parts in 5 of the water in the still ; when both solutions caused 
remarkably white clouds, especially the solution of mercuiy ; which indicates the 
quantity of the spirit of salt which was raised during the former part of the dis- 
tillation to be exceedingly small, since <it could not seize on, nor disengage the 
aqua-fortis from the stronger solution of mercuiy, though it did in a veiy small 
degree in the weak solution of silver, so as to let loose a very little of the silver, 
which thus caused the faint clouds. When a drop of the solution of mercury 
was dropped into the distilled water, after a drop of the solution of silver, it re- 
sorbed the silver cloud, and made the water clear, by means of the great propor- 
tion of acid aqua-fortis that was in it. 

Now in order to make some estimate of the very small quantity of spirit 
of salt in these several distilled waters, Dr. H. dropped a drop of the solution 
of silver iuto an ounce, or 480 grains of pure rain water, which gave no 
clouds ; but on dropping in a drop of sea-water, which weighed a grain, the 
white clouds were strong. And since sea-water can dissolve 9 times more salt 
than it has in it ; therefore, supposing the drop to be so felly impregnated with 
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salt, then the salt would be the 480th part of the ounce of water. But as there 
is 9 times less salt, therefore the proportion of the quantity of spirit of salt will 
be but the 4320th part. And how much less must be the proportion of salt in 

these distilled waters, which is not . sufficient to make a sensible impression on 
solution of mercury, and but a faint one on much diluted solution of silver ? 
Such distilled sea-water will not therefore probably be unwholesome ; almost all 
spring-waters have some degree of salt in them : but if there were more of the 
spirit of salt, a very small quantity of pot-ash, or pearl-ashes, or salt of tartar, 
combined with it, will turn it into common salt, the quantity of which would be 
extremely little. 

Since double the usual quantity of vapour may by way of ventilation be carried 
off, common salt may thus be made much sooner, cheaper, and better ; because, 
as there is much less . fire used, so proportionably, less of the fine acid spirit of 
the salt, in which its virtue consists, will be evaporated away : for it is well 
known that the salt is best, which has undergone the least action of fire in 
making. This more speedy method of evaporating will also be useful, in making 
many other evaporations ; as in making pot-ash, &c. 

LV. On the Great Benefit of Ventilators in many Instances , in Preserving the 

Health and Lives of People , in Slave and other Transport Ships. By Stephen 

Hales, D.D., F.R.S. p.332. 

Captain Thomson, of the Success frigate, in a letter to Dr. Hales, dated 
London, Sept. 25, 1749, says, “ that during the ventilation, the lower deck 
hatches were commonly kept close shut ; by which means the air was drawn 
down into the hold, from between the decks, through the seams of the ceiling, 
along the timbers of the ship ; by which means they found the foul air soon 
drawn off from between decks. Their rule for ventilating was for half an hour 
every 4 hours : but when the ventilating was sometimes neglected for 8 hours 
together, then they could perceive, especially in hot weather, a very sensible 
difference by that short neglect of it ; for it would then take a longer time to 
draw off the foul air. Their general rule was, to work the ventilators till they 
found the air from them sweet. All agreed that they were of great service ; the 
men being so sensible of the benefit of them, that they required no driving 
to work that, which they received so much benefit by. They found this good 
effect from ventilation, that though there were near 200 men on board, for al- 
most a year, yet he landed them all well in Georgia, notwithstanding they were 
pressed men, and drawn out of jails, with distempers upon them. This is what 
he believes but few transports, or any other ships, can boast of ; which he im- 
putes to the benefit received by the ventilators. It is to be remarked, that the 
crew of this ship, which lay wind-bound for 4 months, with the expedition fleet 
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which soon after invaded France, were very heathy all the time, when they 
were very sickly in all the ships of that expedition. This certainly occasioned all 
kinds of grain provisions to keep better and longer from weevels than otherwise 
they would have done ; and other kinds of provisions received benefit from the 
coolness and freshness in the air of the ship, which was caused by ventilation.” 

Mr. Cramond also informed Dr. H. that he found the good effects of venti- 
lators on board a slave ship of his with 3Q2 slaves, 12 of which were taken on 
board, just before they sailed from Guinea, ill of a flux, which 12 all died ; but 
the rest, with all the Europeans in the ship, arrived well at Buenos Ayres. And 
a similar letter, on the good effects of ventilation, &c. was also 9ent by Captain 
Henry Ellis, who mentions particularly that in one voyage in the year 1755, not 
one of 31 2 slaves died ; and all his 36 sailors arrived alive and well at Bristol. Also 
the Earl of Halifax often informed Dr. H. of the great benefit they found by the 
use of ventilators, in several Nova Scotia transport-ships, 12 to one more' have 
been found to die in unventilated than in ventilated ships. It is indeed a self- 
evident thing, that the changing the' foul air frequently in ships, in which there 
are many persons, will be a means of keeping them in better health than not 
doing it. It is the high degree of putrefaction (that most subtile dissolvent iu 
nature), which a foul air acquires in long stagnating, which gives it that pesti- 
lential quality, which causes what is called the jail distemper. And a very small 
quantity, or even vapour of this highly attenuated venom, like the infection or 
inoculation for the small-pox, soon spreads its deadly infection. 

LVI. Of Some Trials to cure the 111 Taste of Milk, which is occasioned by the 

Food of Cows, either from Turnips, Cabbages, or Autumnal Leaves, t£c. 

Also to Sweeten Stinking Water, &c. By Ste. Hales, £>.D., F.R.S. p. 331). 

The above method of blowing showers of air up through liquors, will be of con- 
siderable use in several other respects, as well as in distillation, as appears by the’ 
following trials, viz. 

Dr. H. had been informed, that it is a common practice to cure the ill taste of 
cream from the food of cows, by setting it in broad pans over hot embers or 
charcoal, and continually stirring it, till scalding hot, and till cool again. But 
when he attempted to do this much sooner, and more effectually, by blowing- 
showers of air up through it, he soon found it to be impracticable, by reason of 
its great degree of frothing up. The ill taste must therefore be' got out of the 
milk, before it is set for cream ; which he was told had been practised, and that 
with some benefit, by giving the milk a scalding heat, without stirring it. 

May 22, He ventilated some ill-tasted new unheated milk of a cow, which 
was purposely fed with crow-garlic mixed with cut grass. After 15 minutes ven- 
tilation the taste was a little mended; in half an hour’s blowing it was something 
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better. At the hour’s end it had the same taste, but was sensibly better than the 
unventilated milk. • 

August 23, 4 quarts of ill-tasted new milk, from a cow, which had fed 84 
hours on cabbage-leaves only, and drank during that time very little water, were 
put into a leaden vessel, 8 inches in diameter, and 30 inches deep. The leaden 
vessel was heated in a large boiler, and set into a vessel of hot water ; to give the 
milk a scalding heat, and also keep it hot. In 10 minutes ventilation it was. 
perfectly cured of its ill taste; and after standing 24 hours in a broad pan, there' 
was a thick scum, which was half cream and half butter, free from any ill taste; 
the skimmed milk was not sheer or thin t so here is a method to make good 
butter from ill-tasted milk. The froth of the milk was so great, by reason of 
a too brisk ventilation, as to make it froth over the vessel, which was 30 inches 
deep; if it had not been kept down, by constantly lading and breaking the very 
large bubbles of froth. But when the ventilation is more gentle, the froth has 
risen but 3 inches from 6 quarts of milk, which was 9 inches deep. The' 
cabbage milk was but 6 inches deep. He repeated the like operation the same 
day, with the evening milk of the same cow ; but giving it only a heat, that he 
could bear his fingers in, for a little time ; with this degree of heat, after 45 
minutes ventilation, the milk,, though much better tasted, yet was not so com- 
pletely cured as the former milk. Hence we see" how necessary heat is to vola- 
tilize the rancid oil (which gives the ill taste) to such a degree as to cause it to- 
fly off by ventilation. It was observed, that what was milked from this cow a 
week after she had done eating the cabbage, had an ill taste. He had not as 
yet had an opportunity to try to cure, in the same manner, the ill taste of milk, 
which is occasioned by cows feeding on autumnal leaves, or turnips. 

He ventilated 3 gallons of stinking Jessops well pinging water. On first blow- 
ing, the smell of the ascending vapour was very offensive, which offensiveness 
abated much in 5 minutes ; in 1 1 minutes the smell was much better : in 20 
minutes the water seemed sweet both in smell and taste ; and not sweeter at the 
end of 45 minutes : 15 or 20 minutes will probably suffice. 

July 20th, 3 gallons of stinking sea-water were ventilated ; in 5 minutes it 
was much sweetened, and no ill smell in the ascending air, though at first it was 
very offensive : at the end of 10 minutes it had a small degree of ill taste ; after 
20 minutes no ill taste or smell. It frothed near a foot high during part of the 
ventilation : this from the bitumen, &c. 

Some sea-water, which was made to stink with flesh and isinglass being put! 
into it, was not made perfectly sweet, not even by a ventilated distillation, and 
an hour’s more ventilation after it was distilled-; so that the putrefaction with 
animal substances is not easily completely- cured by ventilation. When the water 
was 27 inches deep in the leaden vessel, no air could be blown up through it by 

4 .N 2 


Digitized by ^mOoq Le 



044 


PHILOSOPHICAL TRANSACTIONS. 


[anno 1755. 

the force of the bellows. But at 1 8 inches depth the air could freely be blown up 
in showers, through the water ; therefore when it is requisite to blow up through 
great depths of water, the bellows may be worked with a lever, as smiths T bellows. 

As it is found by experience, that the milk and butter of cows, which drink 
stinking water, has a very bad taste, this plainly show's that the water retains its 
putrid quality when mixed with the blood. Whence it is much to be suspected, 
that the stinking water, which is drank in ships, by retaining its putrid quality, 
even when mixed with the blood, may thereby promote that putrid distemper the 
scurvy, as well as some other distempers. And much more does the putrid close 
air in ships, which is mixed with the blood from the lungs, promote putrid and 
other disorders. By the same means also pestilential infections are taken in : for 
as the salutary properties of good air are conveyed by the lungs, so are also the 
malignant qualities of bad air. Thus also the putrid water in marshy aguish coun- 
tries, may be a cause of agues, as w'ell as the putrid air, which they breathe; 
which, as well as the putrid water, may probably cany some of its putrid quality 
into tlie blood through the lungs. This method therefore of sweetening stinking 
water, by blowing showers of air up through the stinking water of some aguish 
places, may be beneficial.* 

. Live fish may well be carried several miles, by blowing now and then fresh 
air up through the water, without the trouble of changing the water: for this 
ventilation will not only keep the water sweet, but also enrich it with air, which 
is neoessary for the life of fishes ; with which air they supply their blood, by 
breathing the water, thin spread, between their gills; but stinking water will 
kill fish. He also found that much of the heating oil may be got out of tar-water, 
by blowing showers of air up through it when scalding hot, for 15 or 30 minutes, 
the longer the better ; the less volatile and more salutary acid remaining. 

Explanation of the Figures. — PI. 15, fig. 8, (oopr) a tin or copper air-box, 0 
inches diameter, and an inch and a half deep from (o to p). 

The lid of tlie box full of holes, one 20th inch diameter, and about a quarter 
of an inch distant from each other, (gikl) a nozel soldered' to the lid of the air- 
box, into which the tin pipe (agikl) is fixed so as to take in and out ; this pipe 
to be 2 feet long, and inch diameter, (ab) a bend in. the pipe 5 inches long, 
to which is fastened the leathern pipe (codt) 6 inches long ; to which the nose of 
the bellows is fixed at (df). 

Fig* 9> (giklooxx) the lid of the box, whose rim (oxox), is a quarter of an inch 
deeper than the box (op fig. 8), that the air-holes (o) may be pierced in its upper 
part ; and the lower part is scolloped with wide scollops, for the air to pass 
through the holes (pp fig. 8.) 

• It has been shown of late years by Mr. Lowitz of Petersburgh, that putrid water may be rendered 
jweet and wholesome by filtration through pulverized charcoal. 
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. Fig. 10, (ab) the milk-boiler, with the broad rim (cd), and perpendicular rim 
(cedf) soldered to the horizontal rim ; the perpendicular rim to enter the circular' 
groove (ef) 4 inches deep full of sand, to prevent the ascent of the smoke from 
the fire-stove. 

LVII. On the Return of the Comet, expected, in 1757, or 1758. By T. Barker,* 

Esq . Dated Lyndon, near Uppingham, Rutland, Dec. 17, 1754. p. 347. 

As we expect the comet of 1531, 1607, and 1682, to return in 1757 or 1758, 
it is proper to be aware where to look for it.' But that will be very different, 
according to the time of the year it comes ; and its period is not sufficiently 
known to fix the month of its next perihelion, which should be July 25, 1757, 
according to its last period ; but the length of that before would make it Oct. 
25, 1758. Mr. B. has therefore, in 12 short tables, given the apparent path 
of the comet, supposing its perihelion any month in the year, with its curtate 
distance from the earth ; and the first 2 articles of each are the places which it 
would probably begin to appear in. These will show in general the course of the 
comet, especially at its first appearance, which is most wanted ; but cannot be 
depended on where its motion is swift, and may be 40° in a day, the beginning 
of May, or middle of October. From these tables, compared with'the scheme, he 
made another, where the comet would begin to be seen any month in the year. 

To construct the places, on a large sheet of pasteboard, he divided the cir- 
cumference of a circle, of 10 inches radius, into degrees, for the magnus orbis. 
Qn the right point of the ecliptic and focal length he drew a parabola like that 
observed in 1 682, round the sun, the centre of the circle, and marked every 4th 
day’s motion from the perihelion, and the line of its nodes. The co-sine of the 
comet’s inclination set off on perpendiculars to this, towards the several points of 
the parabola, forms the projection of it, or points in the plane of the ecliptic over 
which the comet is at any time perpendicular. 

To find the comet’s place at any time, .'count how long it is before or after its _ 
perihelion, and mark the place in the projection of the parabola : .lay one edge 
of a parallel-ruler through that point, and the place the earth is then in, and the 
other edge passing through the gun, will cut the magnus orbis at the geocentric 
longitude of the comet : the tangent of the comet’s inclination making the per- 
pendicular from the comet’s projected place to the line of nodes, the radius is the 
tangent of its apparent latitude, making the curtate distance of the comet from 

# Mr. Barker died at Lyndon, in May 1 803, at an advanced age. He was of an ancient and re- • 
spec table family in Rutland. His father was a celebrated Hebrew scholar, and his mother was 
daughter of the pfous and learned Wm, Whiston, in whose Memoirs may be seen frequent notices of 
the family. Besides Mr. B.'s regular Annual Registers of the Weather since the year 1771 ; and se- 
veral other papers, in the Phil. Trans., he was author of some other separate publications, both on 
astronomy and theology’. 
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the earth the radius. For expedition thus ; draw two lines, making an angle of 
17 0 56': on one of. them set off the perpendicular from the comet’s projected 
place, and raise a perpendicular to the other ; or, which is the same, from the 
comet’s real place in the parabola ; and let fell a perpendicular, that is the tan- 
gent of the geocentric latitude. 

One observation of a known comet will, on such a scheme, determine in some 
measure its whole course; for, from the earth’s place, draw the observed longi- 
tude of the comet, where that cuts the projection of the parabola is the comet's 
place ; to which if the observed latitude agrees, it confirms it : then the other 
data being already known, and one place given, its whole course may be traced- 
Such a scheme may be also of use to find the periods of comets, where the de- 
scription of one is not good enough to find its orbit by ; for if an old comet wa» 
seen in August, in ss, or in 25, with south latitude, or very bright in January, 
it cannot be the comet of 1682 ; but if in November in y , near the ecliptic, it 
may. It then remains to see, whether the rest of the description will agree 
with the course it would in that case take; if it does, then, a a the account i» 
more or less perfect, there is a greater or less probability of its bring the same. 


A Table thawing 


where the Conet may be expected to begin to appear 
any Month. 


January 

February. . . . cod 

March .... begin 
end 

April begin 

end 

May begin 

end 

June begin 

end 

July begin 

end 

August 

September 

October 

begin 

No?cm . . . mid. 

end 

Decern. . . begin 
end 


Scarcely to be seen 

Retf. between 30° and 1 5° $ 

30 and 15 Yf 

30 and OK 

15 and OH 

Stat. 10 r and 20 H 

.... middle T 

Dir. begin. 8 

.,4. begin. 8 

.... end 8 

.... begin, n 

.... middle n 

.... end n 

Stat 25 and 30 n • 

Eetr. end n «... 


Lat 

Small increasing S. . . 

Small N. or S 

Small N. decreasing. . 
Small N. decreasing. . 
* Small N 

) N — 

^1*. mo win g ...... 

Small increasing N. . 
Small S. or N. . . . .. 


.... begin. H 

.... S n and 80 » >SmnU & 

.. .. begin, tj J 

.... begin. 8 end T Small S. or N. 

.... begin, y } wy feint. 


t weeks after yeriheUaiu 
| a month after perihelion. 

1 2 or 3 weeks after. 

about perihelion. 

1> 2* or 3 weeks; 

2 to 5 weeks before. 

5 to 8 weeks before. 

2 months before periluriL" 

2 or 3 months. 

3 months before perihdl 
1 i to 14 weeks. 


LFIIl. An Extraordinary and Surprising Agitation of the Waters , though * 
mthout any perceptible Motim of the Earth, having been observed in various 
Tarts of this Island, both Marititnditnd Inland, on the same Day, and chiefly 
about the Time that the more Fiolent Commotions of both Earth and Waters 


* See the note on the letter from R. Philip*,— Orig. 
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so extensively affected many very distant Parts of the Globe ;* the following 
_ Accounts , relating to the former , were transmitted to the Society, in which 
are specified the Times and Places when and where they happened . 

1 . At Portsmouth, in Hampshire. By Mr. John Robertson , F. R. S. p. 351. 
On Saturday, Nov. l, 1755, about 35 minutes after 10 in the morning, 
there was observed in the dock-yard at Portsmouth, an extraordinary motion of 
the waters in the north dock, and in the basin, and at two of the jetty-heads. 
In the north dock, whose length is about 229 feet, breadth 74 feet, and at that 
time about 17 -J- feet depth of water, shut in by a pair of strong gates, well se- 
cured, his majesty’s ship the Gosport of 40 guns, was just let in to be docked, 
•and well stayed by guys and hawsers. On a sudden the ship ran backwards near 

3 feet, and then forwards as much, and at the same time she alternately pitched 
with her stern and head to the depth of near 3 feet ; and by the libration of 
the water, the gates alternately opened and shut, receding from each other near 

4 inches. 

In the basin, whose length is about 240 feet, breadth 220 feet, and at that 
time about 17 feet depth of water, shut in by two pair of gates, lay the Berwick' 
of 70 guns, the Dover of 40 guns, both in a direction nearly parallel to the 
Gosport ; and a merchant ship of about 600 tons, unloading tar, lying in an 
oblique direction to the others. These ships were observed to be agitated in like 
manner with the Gosport, and the tar-ship to roll from side to side : the swell of 
the water against the sides of the basin was observed to be 9 inches ; one of the 
workmen measured it between the librations. 

The Nassau, a 70-gun ship, lying along side a jetty head, between the north 
dock and the basin ; also the Duke, a 90-gun ship, lying against the next jetty- 
head, to the southward, both in a direction nearly at right angles to the others, 
were observed to be rocked in the same manner, but not quite so violently : these 
2 ships lay in the harbour. The dock and basin lie nearly east and west, on the 
west side of the harbour. 

2 . In Sussex, and the Southern Parts of Surrey. By Philip Carteret Webb , 

Esq., F. R. S. p. 353 . 

In his garden at Busbridge, near Godalmin in Surrey, on Saturday the first of 
November 1755 , at half an hour after 10 in the forenoon, Philip Smith, John 
Street, and John Johnson, the gardeners, were alarmed by a very unusual noise 
in the water, at the east end of the long canal, near which John Street and John 
Johnson were then at work. On looking that way, they observed the water, 
in that part of the canal, in great agitation, attended with a considerable 

- * This agitation of the waters, observed in various parts of Great Britain, ha p pened an the very 
game day with the memorable earthquake at Lisbon. 
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noise. The water soon raised itself in a heap or ridge, extending lengthwise 
about 30 yards, and between 2 and 3 feet above the .usual level of the water j 
after which the heap or ridge heeled or vibrated towards the north, or left side of 
the canal, with great force, and flowed about 8 feet over the grass walk on that 
side of the canal, quite up to the arch. On the water’s returning back into the 
canal, it again raised itself into a heap or ridge in the middle; after which the 
heap or ridge heeled or vibrated with greater force towards the south, or right 
hand side of the canal, and flowed over the grass walk, and through the rustic 
arch on that side ; and drove a small stream of water, which ruus through it, 
36 feet back upwards, towards its source, During this latter . motion, the- bot- 
tom of the canal, on the north side, for several feet in width, was quite bare of 
water. The water being returned into the canal, the vibrations became less and. 
less, but so strong as to make the water flow several times over the south bank 
of the canal, which is not. so high as the north bank. In about a quarter of an 
hour from the first appearance the water became quiet and smooth as before. 
The motion of the water was, during the whole time, attended with a great per- 
turbation of the sand from the bottom of the canal, and with a great noise, 
likened by the gardeners to that of water turning a mill. During the whole time 
the. weather was remarkably still, there not being the least wind ; and there was 
no tremor or motion of the earth felt on the sides of the canal. 

The canal js near .700 feet long from west to east, and is about 58 wide : there 
is a small spring, which constantly runs through it. The water at the east end, 
where this appearance was observed, usually pens from 2 to 4 feet, being gradu- 
ally deeper to the west end, where it pens to about 10 feet. No motion was 
taken notice of in the water at the west end of the canal, the first vibration, 
which drove the water over the grass walks, was from south to north. The grass 
walk on the north^ side of the east end of the canal is 14 inches, and that on 
the south side about 10 inches higher than the usual level of the water: the 
highest part of the walk, over which the water flowed, is about 20 inches above 
the water-level. 

Mr. W. was informed, that the water was affected about the same , time in 
the following places. In a mill-pond, at Medhurst in Sussex, the sudden agita- 
tion and swell of the water rolling toward the mill was so remarkable, - that the 
miller imagined a sluice had been opened at the upper end of the pond, and had 
let a back-water into it ; but on search it was found to be shut as usual. Below 
the mill the swell of the water was so great, as to drive the stream upwards, back 
ipto the conduit of the mill. At Lee, in the parish of Whitley, in Surrey, about 
5 miles from Busbridge, between Busbridge and Medhurst; the water in a canal 
or pond belonging to Mr. Luff was so violently agitated, that the gardener, on 
the first appearance, ran for help, thinking a number of otters were under the 
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water, destroying the fish. In a mill-pond, near Guildford in Surrey, a like 
swell mid agitation of the water was observed by several persons, one of whom 
stood all the time on a bridge of wood, over the pond. Not the least tremor or 
motion of the earth was felt in any of these places, or at the bridge at Guildford. 

3. In the Parish of Cobham. By Swilhin Ad.ee, of Guildford , M.D. , F.R.S. 

p. 357. 

A man, in the parish of Cobham, was watering a horse in hand, at a pond 
close by the house, which is fed by springs, and had no current. The time he 
fixes was about 10 in the morning, but their clock goes too slow. While the 
horse was drinking, the water ran away from the horse, and moved towards the 
south with swiftness, and in such a quantity, as left the bottom of the pond 
bare; then returned with such impetuosity, as made the man leap backwards, to 
secure himself from the sudden approach of the water. It went back again to 
the south, with a great swell, and returned again. On inspecting the place. 
Dr. A. found the water must have risen above 1 foot. The ducks were alarmed 
at the first agitation, and fiew all instantly out of the pond. The man observed, 
that there was a particular calm at this time of day. You will observe here were 
two fluxes and two refluxes seen distinctly. 

4. At Medhurst. By Mr. John Hodgson, p. 358. 

As to the ponds near Medhurst, every body agrees, that there was an extra- 
ordinary swelling of the water. The water was thrown several feet above its 
banks, both at north-mill, at south-pond, and the pond in Lord Montacute’i 
park; and at the first of these, on its retreat, left some fishes on dry land. 

5. At Cranbrook in Kent. By fVm. Tempest, Esq. F. R. S. p. 360. 

The people here are very much alarmed on account of an earthquake, which 
happened last Saturday (Nov. the 1st). I felt nothing of it, but some people 
fancied they did. I do not hear that the earth moved; only the waters of several 
ponds, in this and the adjacent parishes, were in such motion, that they over- 
flowed their banks, then returned back, and overflowed the other side. 

6. Near Tunbridge. By John Pringle, M. D., F. R. S. p. 360. 

The pond at Eaton-bridge, near Tunbridge, is about an acre in size, and across 
it is a post and rail, which is almost quite covered by the water. Some people 
heard a noise in the water, and imagining something had tumbled in, ran to see 
what was the matter; when, to their surprise^ they saw the water open in the 
middle, so as that they could see the post and rail a good way down, almost to 
the bottom, apd the water dashing up over a bank about 2 feet high, and per- 
pendicular to the pond. This it did several times; making a great noise. They 
did not feel the least motion on the shore, nor was there any wind, but a dead 
calm. 
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7 . In the River Thames, near Rotherhilhe. By Mr. Henry Mills, p. 36l. 
Being in one of his barges, unloading 60me timber, between 11 and 12 

o’clock, he was surprised by a sudden heaving up of the barge from a 6 well of 
the water, not unlike what happens when a 6 hip is launched from any of the 
builders’ yards in the neighbourhood. After the barge had alternately risen and 
sunk 3 or 4 times, with a motion gradually decreasing, the water became quiet 
again. 

8 . In Peerless Pool, near Old-street, London. By Tho. Birch, D. D. Secret. 

R. S. p. 362. 

On the reports, received from several gentlemen, that the agitation of the 
waters observed in many parts of England, Scotland, Ireland, Holland, &c. on 
Saturday Nov. 1, 1755, had been likewise notioed in Peerless Pool, near Old- 
street road, being curious to have as authentic and circumstantial an account as 
possible of a fact, which he had not heard to have been remarked in any other 
part of London, or its suburbs, Dr. B. went thither on Saturday Dec. 6, 1 755 , 
and took down the following particulars relating to it, from the mouth of one of 
the two waiters there, who were eye-witnesses of it. He being engaged between 
the hours of 10 and 11 in the morning, with his fellow-waiter, in some business 
near the wall inclosing the ground, which contains the fish-pond, and acci- 
dentally casting his eye on the water, was surprised to see it greatly moved with- 
out the least apparent cause, as the air was quite calm. This occasioned him to 
call to his companion to take notice of it, who at first neglected it, till being 
urged to attend to so extraordinary an appearance, he was equally struck with 
the sight of it. Large waves rolled slowly to and from the bank near them, at 
the east end, for some time, and at last left the bed of the pond dry for several 
feet, and in their reflux overflowed the bank 10 or 12 feet, as they did the oppo- 
site one, which was evident from the wetness of the ground about it. This mo- 
tion having continued 5 or 6 minutes, the two waiters stepped to the cold bath 
near the fish pond, to see what passed there; but no motion was observed in k 
by them, or by a gentleman who had been in it, and was then dressing himself, 
and who, on being told of the agitation in the fish pond, went directly thither, 
with the waiters, .and was a third witness of it. On the ceasing of it, they all 3 
went to the pleasure bath, between which and the fish pond the cold bath is situ- 
ated; but they found the said pleasure bath then motionless, but to have been 
agitated in the same manner with the fish pond, the water having left plain marks 
of its having overflowed the banks, and risen to the bushes on their sides. The 
motion in the fish pond had been also observed by some persons in a house be- 
longing to Mr. Kemp, the master of Peerless Pool, situated at a small distance 
from that pond, and commanding a full view of it- 
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9 . At Rochford in Essex. By the Rev. Mr. Thomlinson. p. 364. 

At a pond in a close of Mr. Sly’s, adjoining to the church-yard, the water was 
observed to flow a considerable way up the mouth of the pond, and then return- 
ing, to flow .up the opposite side, repeating this sort of motion for about a quarter 
of an hour. The motion of the water in the pond was only from east to west,- 
and from west to east, alternately. 

10 . In Berkshire, near Reading . By Mr. Rd. Philips, p. 365. 

Oh the 1 st of November last, at about 1 1 o’clock in the morning, as Mr. 
Pauncefort’s gardener was standing by a fish pond in the garden, he felt a most 
violent* trembling of the earth, directly under his feet, which lasted upwards of 50 
seconds; immediately after which he observed that the water in the pond was in -a 
very unusual motion, and suddenly thrown on the opposite side, leaving that on 
which he stood quite dry, for the space of 2 yards, and continued in that state 
for about 2 minutes, when it returned as before, and collecting in or near the 
middle of the pond, rose about 20 inches above the level of the \yater on each 
side, and continued so for 2 minutes in violent agitation, which the gardener 
described to be like the boiling of a pot. 

At the same time Capt. Clarke, at Caversham in Oxfordshire, a mile distant 
from Reading, was alarmed with a very great noise, as if part of the house had 
been felling down; on examination however it did not appear that the house wo* 
at all damaged; hut a vine, which grew against it, was broken off, and 2 dwarf 
trees, such as* are used in espalier hedges, were split by the shock. 

11. Near Reading in Berkshire. By the Rev. J. Blair , LLS>., F.R.S. p. 367 . 

At Earley-court, near Reading in Berkshire, in a small fish pond near the 
house of Edward Pauncefort, Esq. the water was observed, about 1 1 o’clock in 
the forenoon, to be in a strong agitation, like that of the tide coming in. The 
first motion of the water was from the south end of the pond to the north end, 
leaving the ground or bottom of the fish pond on the south end without water, 
for the space of 6 feet. It then returned, and flowed at the south end, so as to 
rise 3 feet up the banks, and immediately went bade again to the north, where 
it likewise flowed 3 feet up the banks; and in the time between the flux and 
reflux, the water swelled up in the middle of the pond like a ridge, or rising part ' 
of the land. This motion or agitation of the water, from south to north, and 
from north to south alternately, backwards and forwards,- lasted about the space 
of 4 minutes of time; and there seemed to be little or no motion in the direction 
of east and west, the weather being perfectly calm during the whole, time. 


* This is the only account that mentions any tremor of the earth to have accompanied the agita- 
tion of the waters in this island; and the next account of the very same matter does not take the 
least notice of any.— Orig. . - 
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12. In Oxfordshire, at Shirbum Castle, the Seat of the Earl of Macclesfield, 
Pres. R. S. Communicated by his Son, the Lord discount Parker, F. R, S. 
then on the Spot. p. 368. 

On Saturday November J, a little after 10 o’clock in the forenoon, walking in 
the garden at Shirburn castle, he perceived the gardener, who was coining to- 
wards him by the end of the moat, on a sudden stop short, and look earnestly into 
the water. He went towards him, and perceived immediately a very strange mo- 
don in the water. There was a pretty thick fog, not a breath of air, and the 
surface of the water all over the moat was as smooth as a looking-glass; yet in 
that corner of the moat near which he stood, the water flowed into the shore, 
and retired again successively, in a surprising manner. The flux and reflux were 
quite regular. Every flood began gently ; its velocity increased by degrees, till 
at last, with great impetuosity, it rushed in till it had reached its full height, at 
which it remained for a little while, and then again retired, at first gently ebb- 
ing, at last sinking away with such quickness, that it left a considerable quantity 
of water entangled among the pebbles, laid to defend the bank, which run 
thence in little streams over the shore, now deserted by the water, which at other 
times always covers it. As the slope of the sides of the moat is very gentle, the 
space left by the water at its reflux was considerable, though the difference be- 
tween the highest flood and lowest ebb of these little tides, was but about 4-j. 
inches perpendicular height; the whole body of water seeming to be violently 
thrown against the bank, and then retiring again, while the surface of the whole 
moat all the time continued quite smooth, without even the least wrinkle of a 
wave. He sent persons to several other ponds, in all which the agitation was 
very considerable. The swells, that succeeded each other, were not equal, nor 
did they increase or diminish gradually; for sometimes, after a very great swell, 
die next 2 or 3 would be small, and then again would come a. very large one, 
followed by 1 or 2 more as large, and then less again. 

13. In Devonshire and Cornwall, at Plymouth, Mounts- Bay, Penzance, bfic. 
By John Huxham, M. D., F. R. S. p. 371. 

Saturday, November 1, about 4 p. m. we had (just about high water) an ex- 
traordinary boar, as the sailors call it. The sea seemed disturbed about 20 mi- 
nutes before, though there was very little wind that day, or for some days before. 
One of our surgeons, who had then just crossed the ferry at Creston, a mile to 
the south-east of Plymouth, said, that the tide had made a very extraordinary 
out (or recess) almost immediately after high water (about 4 p. m.) left both the 
passage-boats, with some horses, and several persons, at once quite dry in the 
mud, though the minute or two before, in 4 or 5 feet water; in less than 8 
minutes the tide returned with the utmost rapidity, and floated both the boats 
again, so that they had near 6 feet water. ( The sea sunk and swelled, though m 
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a much less degree, for near half an hour longer. It was said, that at the next 
morning’s tide there were several very large surges. This boar drove several ships 
from their moorings, and broke some of the hawsers, and twirled the ships and 
vessels round in a very odd manner. At Crunill-passage, over another arm of 
the sea, about 2 miles west of Plymouth, the same phenomena were observed; 
and in Stone-house lake, that communicates with that arm of the sea, the boar 
came in with such impetuosity, that it drove every thing before it, tearing up the 
mud, sand, and banks, in a very shocking manner, and broke a large cable, by 
which the foot passage boat is drawn from side to side of the lake. 

You will please to observe, that it happened not here till about 4 p. m. ; at 
Portsmouth, about 1 J a. m. ; in Holland about 11 a. m. ; at Kinsale, &c. in Ire- 
land not till 3 or 4 p. m. 

14. On the Coast of Cornwall. By the Rev. William Bor lose, of Ludgvan , 

A. M., F. R. S. p. 373. 

A little after 2 o’clock in the afternoon, about half an hour after ebb, the sea 
was observed at the Mounts-bay pier to advance suddenly from the eastward. -It 
continued to swell and rise for the space of lO minutes; it then began to retire, 
running to the west and south-west, with a rapidity equal to that of a mill- 
stream descending to an undershot-wheel; it ran so for about 10 minutes, till 
the water was 6 feet lower than when it began to retire. The sea then began to 
return, and in 10 minutes it was at the before-mentioned extraordinary height; 
in 10 minutes more it was sunk as before; and so it continued alternately to rise 
and fall between 5 and 6 feet, in the same space of time. The 1st and 2d fluxes 
and refluxes were not so violent at the Mount pier as the 3d and 4th, when the 
sea was rapid beyond expression, and the alterations continued in their full fury 
for 2 hours; they then grew fainter gradually, and the whole commotion ceased 
about low water, 5-4- hours after it began. 

Penzance pier lies 3 miles west of the Mount, and the reflux was first observed 
there 45 minutes after 2; the influx came on from the south-east, and south- 
south-east. Here the greatest rise was 8 feet, and the greatest violence of the 
agitation about 3 o’clock. Newlyn pier lies a mile west of Penzance. Here the 
flux was observed first, as at the Mount, and came in from the southward (the 
eastern current being quite spent) nearly at the same time as at the Mount and 
Penzance, but in a manner somewhat different; it came on like a surge, or high 
crested wave, with a surprising noise. The first agitations were as violent as any ; 
and after a few advances and retreats at their greatest violence, in the same space 
of time as at the Mount, the sea became gradually quiet, after it had risen 10 
feet perpendicular at least. This is near 5 feet more than, at the Mount pier, 
and 2 feet more than at Penzance. The agitations of the sea at Moushole, an- 
other pier in this bay, did not materially differ from those at Newlyn. 


Digitized by ^mOoq Le 



6 54 


PHILOSOPHICAL T&ANS ACTIONS. 


[anno 1755. 

In the little harbour of Heyle, about 4 miles north of the Mount on the 
Severn sea, the agitation did not make its appearance till an hour and a little 
more after the ebb began, which must be full an hour later than with us. In 
this inland half-tide harbour it continued visible but an hour and half; the greatest 
flux was about the middle of that time, the surge being at that time 7 feet high; 
but in general it rose and fell but 2 feet only, owing probably to the force and 
quantity of water being broken in its advances into so retired a creek. At Swan- 
sea, in Wales, farther up in St. George’s channel, where their ebb is later still 
than in Heyle, the agitation was proportionably later, and was not observed till 
after 2 hours ebb, near 3 quarters after 6. At Kingsale, in Ireland, more in- 
deed to the north of us, but more open to the Atlantic ocean than Swansea, and 
farther to the west, the agitation reached not a full hour after us, but above la- 
bours sooner than at Swansea; all tending to show, that the force came from the 
south and south-west. 

What relations these little palpitations, or tremulous rebounds of the sea, had 
to the dreadful convulsions on the coasts of Spain and Portugal, whether they 
were the fainter parts of that deplorable shock at Lisbon, or the expiring efforts 
of some similar subterraneous smugglings of nature farther to the west, under 
the Atlantic ocean, will remain uncertain, till more facts and dates appear; but 
by the accounts from abroad, this first of November seems to have been a day 
of universal tremor to all the sea-coasts of the western parts of Europe. 

I would not be thought to suggest, sir, that a shock so far off as the coast 
of Spain could be so immense, as to propagate a motion of the water quite home 
to our shores. I should rather imagine, that there were several shocks, and 
some much nearer to us, but all perhaps from one and the same cause diffused 
in different portions, and permeating more contracted or dilated, but still com- 
municating passages; I should imagine, that this cause affected the seas and land, 
in proportion to its own force, and the superior or weaker resistance of the in- 
cumbent pressure; that where it found the least resistance of all, there it found 
its vent, and the sw'ell its cure. 

Many other similar accounts w'ere also given, as observed both in the sea and 
inland lakes: as at Swansea, on the coasts of Norfolk and Lincolnshire, &c.; 
the lakes in Cumberland; a pond near Durham, at half past 10 o’clock; at Loch 
Ness, Loch Lomond, &c. in the north of Scotland, about 1 0 o’clock. 

It appears also, by communications sent from abroad, that the like agitations 
of the water were observed at the Hague, Leyden, Harlem, Amsterdam, 
Utrecht, Gouda, and Rotterdam, and also at Bois-le-Duc ; about 1 1 o'clock on 
the 1st of November; and likewise at Ringsale and Cork, in Ireland, between 2 
and 3 o’clock. 
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15. Of an Extraordinary Alteration in the Baths of Toplitz in Bohemia, on 
the 1 st of November, 1755. By Father Joseph Steplin, of Prague, p. 3Q5. 

A report being brought that at Toplitz, a village famous for its baths, and Q 
Bohemian miles north-west from Prague, the source of these baths had under- 
gone some change, in order to know the truth of this, Father Steplin requested 
the president of the Supreme Royal Council to send him an exact account of it, 
in answer to the several questions which he proposed to him. By this means he 
procured the following: that in the year 762 those baths were discovered; from 
which time the principal spring had constantly thrown out the hot waters in the 
same quantity, and of the same quality. On' the 1st of November, 1755, be- 
tween 11 and 12 in the morning, the chief spring cast forth such a quantity of 
water, that in the space of half an hour all the baths ran over. About half an 
hour before this vast increase of the water, the spring became turbid, and flowed 
muddy; and, having stopped entirely near a minute, broke forth again with pro- 
digious violence, driving before it a considerable quantity of a reddish oker, 
crocus martialis. After which it became clear, and flowed as pure as before; 
and continues still to do so; but it supplies more water than usual, and that 
hotter, and more impregnated with its medicinal quality. 

16. Concerning the Agitation of the Waters, Nov. 1, 1755. By Mr. De 

Hondt, of the Hague, p. 396. 

We had at 1 1 o’clock' a phenomenon, which astonished every body. In ab- 
solutely calm weather there was observed of a sudden so violent a motion in the 
water, that the ships were struck against each other, and broke the cables which 
fastened them. It was felt at the same time at the Hague, Leyden, Harlem, 
Amsterdam, Gouda, Utrecht, Rotterdam, and Bois-le-duc. At the Hague it 
was but slight; and no motion was felt in the ground. 

17. On the same. By M. Allamond, Professor of Philosophy at Leyden, and 

F.R.S. p.397. 

Between half an hour after 10 and 11 in the morning, in some of the canals 
of this city, the water rose suddenly on the quay, situated on the south. It 
returned afterwards to its bed, and made several very sensible undulations, so 
that the boats w’ere strongly agitated. The same kind of motion was perceived 
here in the tuns of water of 2 brewhouses, and in those of 3 brewhouses at 
Harlem. The branches of the Roman Catholic church at Rotterdam, which 
hung from long iron rods, made several oscillations. A tallow-chandler at the 
Hague was surprised to hear the clashing noise made by all the candles hung up 
in his shop. 

The accounts brought from Norway inform us, that the same observations 
were made there, almost at the same time. 
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LJX. An Account of the Earthquake , Nov. 1 , 1755 , as felt in the Lead Mines 
in Derbyshire. By the Rev. Mr. Bullock, p. 398. 

The following is an account of the earthquake, which happened at the lead 
mines on Eyam-edge in the peak of Derbyshire, on Saturday the 1 st of Nor. 
1755, about 11 o’clock in the forenoon. 

Francis Mason, the overseer, says. That he sat in a little room, about 40 
yards from the mouth of one of the engine shafts. He felt one shock, which 
very sensibly raised him up in his chair, and caused several pieces of lime or 
plaster to drop from the sides of the room. In a field about 300 yards from the 
mines, there had happened a chasm or cleft on the surface of the earth, which 
was supposed to be made at the same time he felt the shock; its continuation 
from one end to the other, was near 150 yards, being parallel to the range of the 
rein on the north side: the depth of it was about 8 or 9 inches, and its dia- 
meter 4. 

Two miners say, that at the aforesaid time they were employed in carting, or 
drawing along the drifts the ore and other minerals to be raised up the shafts. 
The drift where they were working, is about 60 fathoms, or 120 yards deep, and 
the space of it from one end to the other upwards of 50 yards. They were 
suddenly surprised by a shock, which greatly terrified them. They durst not at- 
tempt to climb the shaft, lest that should be running in on them, but consulted 
what means to take for their safety. While they were thinking of some place of 
refuge, they were alarmed by a shock much more violent than the former; which 
put them in such a consternation, that they both ran precipitately to the other 
end of the drift. Soon after they were again alarmed by a third shock; which, 
after an interval of about 4 or 5 minutes, was succeeded by a fourth ; and about 
the same space of time after, by a fifth ; none of which were so violent as the 
second. They heard after every shock a loud rumbling in the bowels of the 
earth, which continued for about half a minute, gradually decreasing, or appear- 
ing at a greater distance. They imagined, that the whole space of time, from 
the first shock to the last, was about 20 minutes. They remained about 10 mi- 
nutes in the mine after the last shock; when they thought it advisable to exa- 
mine the passages, and to get out of the mine, if possible. As they went along 
the drifts, they observed, that several pieces of minerals had dropped from the 
sides and roof, but all the shafts remained entire, without the least discomposure. 
The space of ground at the mines, wherein it was felt, was Q(k) yards, being all 
that was at that time in work. 

2. Account of the Earthquake at Lisbon ,* Nov. 1 , 1755, in Two Letters from 

Mr. Wolfall , Surgeon, p. 402. 

Since the beginning of the year 1750, we have had much less rain than has 
* This city suffered greatly by an earthquake in 1531 .— Orig. 
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ever- been known in the memory of man, excepting the last spring : the summer 
has been cooler than usual, and for the last 40 days, fine clear weather, but not 
remarkably so. On the first instant (Nov. 1755,) about 40 minutes past 9 in the 
morning, was felt a most violent shock of an earthquake : it seemed to last 
about the 10th part of a minute, and then came down every church and con- 
vent in town, together with the King’s palace, the magnificent opera-house, 
joining to it ; in short, there was not a large building in town that escaped. Of 
the dwelling houses, there might be about one-fourth of them that tumbled, which, 
at a very moderate computation, occasioned the loss of thirty thousand lives. 
The shocking sight of the dead bodies, with the shrieks and cries of those who 
were half buried in the ruins, are only known to those who were eye-witnesses. 
It far exoeeds all description, ior the fear and consternation was so great, that the 
most resolute person durst not stay a moment to remove a few stones off the 
friend he loved most, though many might have been saved by so doing : but 
nothing was thought of but self-preservation; getting into open places, and 
into the middle of streets, was the mot probable security. Such as were in the 
upper stories of houses, were in general more fortunate than those that at- 
tempted to escape by the doors ; for these were buried under the ruins with the 
greatest part of the foot-passengers : such as were in equipages escaped best, 
though their cattle and drivers suffered severely ; but those lost in houses and 
the streets, are very unequal in number to those that were buried in the ruins . 
of churches ; for as it was a day of great devotion, and the time of oelebrating 
mass, all the churches in the city were vastly crowded, and the number of 
churches here exceeds that of both London- and Westminster ; arid as the 
steeples are built high, they mostly fell with the roof of the church, and the 
stones are so large, that fetor escaped. 

Had the misery ended here, it might in some degree have admitted of re- 
dress ; for though, lives could not be restored, yet the immense riches that were 
in the ruins, might in some part have been digged out; but the hopes of this 
are almost gone, for in about 2 hours after the shock, fires broke out in 3 
different parts of the city, occasioned by the goods and the kitchen-fires being 
all jumbled together. About this time also the wind, from being perfectly calm, 
sprung up a fresh gale, which made the fire rage with such fury, that at the end 
of 3 days all the city was reduced to cinders. Indeed every element seemed to ' 
conspire to our destruction ; for soon after the shock, . which was near high 
water, the tide rose 40 feet higher in an instant than was ever known, and as 
suddenly subsided. Had it not so done, the whole city must have been laid 
under water. As soon as we had time for recollection, nothing but death was.' 
present to our imaginations. For 1st, the apprehensions of a pestilence frpm- 
the number of dead bodies, and the general confusion, and want of people to 
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bury them, were very alarming : but the fire consumed them, and prevented 
that evil. 2d. The fears of a famine were very great ; for Lisbon is the store- 
house for corn to all the country, for 50 miles round : however, some of the 
corn* houses were happily saved, and though the 3 succeeding days to the earth- 
quake an ounce of bread was worth a pound of gold, yet afterwards bread became 
moderately plenty, and we were all happily relieved from our starving condition. 

The 3d great dread was, that the low villainous part of the people would take 
an advantage of the confusion, and murder and plunder those few who had 
saved any thing. This in some degree happened ; on which the King gave 
orders for gallows immediately to be placed all round the city ; and after about a 
hundred executions, among which were some English sailors, the evil stopped. 
We are still in a state of the greatest uncertainty and confusion, for we have 
had in all 22 different shocks since the first, but none so violent as to bring any 
houses down in the out-skirts of the town, that escaped the first shock ; but 
nobody yet ventures to lie in houses ; and though we are in general exposed to 
the open sky for want of materials to make tents, and though rain has fallen 
several nights past, yet the most delicate tender people suffer their difficulties 
with as little inconvenience as the most robust and healthy. Every thing is yet 
with us in the greatest confusion imaginable : we have neither clothes nor con- 
veniences, nor money to send for them to other countries. All Europe is 
deeply concerned in the immense riches and merchandises that are lost, but none 
so much as our own nation, who have lost every thing they had here. Few English 
lives have been lost in comparison of other nations, but great numbers wounded ; 
and though we have 3 English surgeons here, but unfortunately without either 
instruments, bandages, or dressings, to relieve them. Two days after the first 
shock, orders were given to dig for the bodies, and a great many have been 
taken up and recovered. Mr. W. lodged in a house where there were 38 in- 
habitants, and only 4 saved. In the city prison 800 were lost. 1200 in the ge- 
neral hospital, a great number of convents of 400 m each lost ; the Spanish 
ambassador with 35 servants. It fortunately happened, that the King and the 
Royal Family were at Belime, a palace about a league out of town. The palace 
in town tumbled the first shock, but the natives insist that the inquisition was 
the first building that fell down. The shock has been felt all over the kingdom, 
but along the sea-side more particularly. Faro, St. Ubals, and some of the 
large trading towns are, if possible, in worse situation than here ; though the 
city of Porto has quite escaped. 

It is possible, that the cause of all these misfortunes came from under the 
western ocean ; for a captain of a ship, a very sensible man, told him that he 
was 50 leagues off at at sea; that the shock was there so violent' as greatly to 
injure the deck of his ship ; it occasioned him to think that he had mistaken 
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his reckoning, and struck upon a rock, and they instantly hawled out their long- 
boat to save themselves, but happily brought the ship, though much injured, 
into this harbour. 

The shocks lasted between 5 and ^ minutes. The very first shock was ex- 
tremely short, but then it was as quick as lightning succeeded by two others, 
which, in the general way of speaking, are mentioned all together as only one 
shock. About 12 o’clock we had a second shock. Mr. W. was then in the 
Terra do Paqo, or King’s palace-yard, and had an opportunity of seeing the 
walls of several houses that were standing, open from top to bottom, more 
than a quarter of a yard, yet close again so exactly as to leave no signs of 
injury. 

3. Abstract of Two Letters, by John Mendes Saccheti, M. £>., F. R. S. dated 

from the Fields of Lisbon, on the 7 th of November, and the 1st of Decem- 
ber, 17 56. p.409. 

The day before the fatal earthquake the atmosphere, and light of the sun, 
had ,the appearance of clouds -and notable offuscatioo, and more strong and vi- 
sible at the actual time of the great shook, which was by undulation, and lasted 
from 6 to 8 minutes. It ruined not only this populous city, but all the southern 
part of the country of Estremadura, and a great part of the kingdom of Al- 
garve. . The earth opened in fissures in several parts, but neither fire nor visible 
smoke came out of it. The water in the sea rose several times, and in a few 
minutes made 3 fluxes and refluxes, rising above the greatest spring-tides 2 
spawns, or 15 English feet. 

4. Abstract of a Letter from Mr. J. Latham , dated at Zsu-queira, Dec. 11, 

1755, to his Uncle in London, p. 411. 

I was on the river on Saturday thA 1st of November, with a gentleman going 
to a village 3 miles off. In a quarter of an hour the boat made a noise as if on 
the shore or landing. About 4 or 5 minutes after, the boat made a noise as 
before, which was another shake. We saw the houses tumble down on both 
sides of the river. In Lisbon, a convent on a high hill fronting the river, the 
most part of it came down, a great many were killed and buried in the 
ruins ; many tumbled neck and heels in the water, others ran down to the river, 
up to their middle and necks. A strong northerly wind blew from shore, which 
covered the water with dust, and in our boat we could scarcely see one another ; 
and it entirely hid the sun from us for some time. The wind soon dispersed the 
dust, the shaking seemed over. In about three quarters of an hour we came to 
the village, where we were called ashore, and met several gentlemen, who came 
out of the city on horse-back, but so frighted, that they did not know what was 
the matter. In a quarter of an hour after our landing, the village was alarmed 
with another shake. We got down to our boat ; in a moment the river rose so 
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high as obliged us to take to our heels, and run for our lives into the fields and 
high ground, the water flowing across the road, which, from the low tide, was 
above a quarter of a mile ; the ships were whirled about, and several people 
taken into the water, others driven ashore and dashed to pieces. From the 
high grounds we could see the sea at about a mile's distance come rushing in 
like a torrent, though against wind and tide. A fine new stone quay in Lisbon, 
where the merchants land their goods, where at that time about 3 thousand 
people were got out for safety, was turned bottom upwards, and every one lost ; 
nor did so much as a single body appear afterwards. It 'being a holy-day, great 
numbers of the natives being at their devotion in convents and churches, whose 
large buildings suffered -most, it- is computed about 60 thousand souls, and a 
hundred and odd of the foreigners, and all sorts of Cattle perished. The reli- 
gious houses being illuminated with wax-lights, and the images dressed, by flic 
shakes were set on fire by night, in several places, and by Monday morning en- 
tirely consumed, with the rich furniture of convents, nunneries, and nobility’s 
houses, and all the merchants and tradesmen’s goods, besides jewels, gold, plate, 
and coined money. There have been a great many shakes by nights and days : 
even on the 8th of December was felt a strong one : it was much more violent 
in some places than others. The ground was opened ; in some places you 
might put your hand down broad-ways, and not feel the bottom with a long 
stick. A sea port, called St. Ubal’s, was entirely swallowed up, people and all. 
5. Observations made at Colares,* on the Earthquake at Lisbon , of the 1st of 
November 1755, by Mr. Stoqueler, Consul of Hamburg, p. 413. 

The 1st of November, the day broke with a serene sky, the wind continuing 
at east; but about 9 o’clock the sun became dim, and about half an hour after 
we began to hear a rumbling noise, like that of carriages, which increased to 
such a degree as to equal the noise of the loudest cannon ; and immediately we 
felt the first shock, which was succeeded by a id and 3d ; on which, as also on 
the fourth, were seen several light flames of fire issuing from the sides of the 
mountains, resembling what is observed on the kindling of charcoal. In the 
spot on which he remained till the 3d shock was over, he observed the walls to 
move from east to west. 

In the afternoon of the 31st of October, the water of a fountain was greatly 
decreased: on the morning of the 1st of November it ran very muddy, and 
after the earthquake it returned to its usual state, both in quantity and clear- 
ness. Some fountains, after the earthquake, ran muddy, some decreased, 
others increased, others were dried up ; and one, that with the earthquake was 

* It is about 20 miles from Lisbon, and lies behind the rock, about 2 miles from the 
sea.— Orig. * 
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dried up entirely, returned 2 days after to its usual state. In some places where 
there was no water, springs burst forth, which continued to run. On the spot 
pf Varge, and river of Macaas, at the time of the earthquake, many springs of 
water burst forth, and some spouted to the height of 25 palms,* throwing up 
sand of various colours, which remained on the ground. On the hills, numbers 
of rocks were split, and there were several rents in the ground, but none con- 
siderable. On the coast pieces of rock fell, some of them very large, and in 
the sea sundry rocks were broken : the most noted are those called by the sailors 
Sarithoes, or Biturecras, of which one was only broken off at the summit, the 
other all to pieces. 

Between these rocks and the main, the coasting vessels sailed at low water ; 
and now you may go to them at low water, without wetting your feet. From 
the rock called Pedra de Alvidrar, a kind of parapet was. broke off, which issued 
from its foundation in the sea. In a swamp or lake, which received a good deal 
of water in winter, and was not dry in summer, the earth rose ; for there is now 
scarcely the appearance of a hollow, which was . before to the depth of six or 
seven palms ; it now remains even with the adjacent ground. In other places, 
by the change of the currents it appears . that the earth was moved, so that some 
spots are more elevated, others more depressed than before. 

6. Concerning the Earthquake at Oporto in Portugal, Nov. 1 , 1755. By a 

Litter from that Place, p. 418. 

Saturday Nov. 1st, we had such a terrible earthquake here, that we were 
afraid of being swallowed up alive, though it hqs done but very little damage. It 
began about half an hour past Q o’clock in the morning, like thunder, or rather 
the rattling of a coach over stones , and my own house, as well as most other 
people’s, during the first shock, which was a very terrible one indeed, was just 
as if in a convulsion, which lasted 7 or 8 minutes, and every thing shook and 
rattled in it all the time, as if it was coming down t which frightened people so 
much, that a great many ran into the streets, where I plainly saw the earth 
heave up. At 6 o’clock at night there was another great shock. The river 
also rose and fell surprizingly every quarter of an hour, for upwards of 4 hours 
at least, 4 or 5 feet, and sometimes more ; and some saw the river in some 
places open, and throw out a vast deal of wind, which was very terrifying. 
Abstract of Two Letters to Mr. Plummer, Merchant in London, from Oporto,, 
concerning the Earthquake felt there, p. 41 9. 

This morning, Nov. 1, 1755, between 9 and 10 o’clock, this city was alarmed, 
with the terrible shock of an earthquake, which continued violently for 5 or 6 
minutes, but has done no. further damage than the overturning some pedestals 

f The Portuguese palm is about 9 inches.— Qrig. 
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from the tops of some churches, and splitting the walls of some old houses. 
The shock was perceived in the river, among the shipping, by a sudden flu* 
and reflux of the tide, but no damage was done. During the time of the 
earthquake, and indeed preceding it, was heard a hollow dreadful noise. 

Abstract of a Letter from Madrid to the Spanish Consul in London, p. 423. 

Nov. 1, soon after 10 o’clock, there was very sensibly felt a great earthquake: 
according to the common opinion, it lasted 5 or 6 minutes. Every one at first 
thought that they were seized with a swimming in their heads ; and afterwards 
that their houses were falling. The same happened in the churches, so that the 
people trod each other under foot in getting out ; and those who observed it in 
the towers were very much frightened, thinking that they were tumbling to the 
ground. It was not felt by those who were in their coaches, and very little by 
those who walked on foot. 

Of the Earthquake at Cadiz, Nov. 1 , 1755, in a Letter from Mr. Benjamin 
Betoich, Merchant there, p. 424. 

Nov. 1, just before 10, the whole town was shaken with a violent earthquake, 
which lasted above 3i minutes. The water in the easterns, which are under- 
ground, washed backward and forward, so as to make a great froth upon it. 
Every body ran out of the houses and churches, in a terrible consternation, but 
no damage was done, as all the buildings here are excessively strong. An hour 
after, looking out to sea, we saw a wave coming at 8 miles distance, which was 
at least 6o feet higher than common. Every body began to tremble ; the cen- 
tinels left their posts, and well they did : it came against the west part of the 
town, which is very rocky ; the rocks abated a great deal of its force. At last it 
-came upon the walls, and beat in the breast-work, and carried pieces of 8 or lO 
tons weight, 40 and 50 yards from the wall, and carried away the sand and walls, 
but left the houses standing, so that only 2 or 3 persons were drowned. Every 
one now thought the town would be swallowed up ; for though this was run off, 
yet with glasses we saw more coming. W hen the wave was gone, some parts, 
that are deep at low water, were quite dry, for the water retired with the same 
violence that it came with. These waves came in this manner 4 or 5 times, but 
with less force each time ; and about one the sea became more calm, but was 
still in a boiling motion. Every thing was washed off the mole. The bay was 
foil of barrels, and boats, and timber ; but no damage was done to the shipping. 
The walls have suffered veiy much. Some of the towns about us have suffered 
a great deal more than we, by ttye falling of houses and towers. 

Of the Earthquake at Cadiz. By Don Antonio <£ Ulioa, F.R.S. p. 427* 

Nov. 1, we had here an earthquake, the violence of which was not inferior to' 
that which swallowed up Lima and Callao, in Peru, towards the end of October 
1746. It ha ppened in very fine weather, at 3 minutes after 9 in the morning, 
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and continued 5 minutes, and consequently near twice as long as that of Peru, 
the duration of which was only 3 minutes. If every thing was not destroyed 
here, it seems particularly owing to the solidity of the buildings. The inhabit- 
ants had scarcely begun to recover from their first terror, when they saw them- 
selves plunged into new alarms. At 10 minutes after 1 1 they saw rolling towards 
the city a tide of the sea, which passed over the parapet of 6o feet above the 
ordinary level of the water. At 30 minutes after 1 1 came a 2d tide ; and these 
2 were followed by 4 others of the same kind, at 50 minutes after 11, at 12 
o’clock 30 minutes; 1 o’clock 10 minutes; and 1 o’clock 50 minutes. The 
tides continued, with some intervals, till the evening, but lessening. They have 
ruined 100 toises of the rampart ; part of which of 3 toises length, and of their 
whole thickness, were carried by the torrent above 50 paces. A great number 
of persons perished on the causey, which leads to the isle of Lesu. Seville has 
been greatly damaged. St. Lucar and Cheres have likewise suffered much ; and 
Conel is said to be entirely destroyed. 

An Account of the Earthquakes that happened in Barbary, inclosed in a Letter 

from General Fotvke, Governor of Gibraltar. Communicated by Philip Lord 

Viscount Royston, F.R.S. p.428. 

At Tet uan the earthquake began, the 1st of November, at 10 in the morn- 
ing, and lasted between 7 and 8 minutes; during which space the shock waa 
repeated 3 different times, with such violence, that it was feared the whole city 
would fall down ; but the only damage that resulted was the opening or parting 
of some of the walls of sundry houses. It was likewise observed that the waters 
of the river Chico, on the other side of the city, and those of a fountain, ap- 
peared very red. 

At Tangier, the earthquake began about the same time, but lasted longer 
than at Tetuan ; the trembling of the houses, mosques, &c. was great, and * 
large promontory of an old building near the city gate, after 3 shocks, fell down 
to the ground, by which 5 6hops were demolished ; the sea came up to the very 
walls, a thing never seen before, and went down directly with the same rapidity 
as it came up, as far as the {dace where the large vessels anchor in the bay, leav- 
ing upon the mole a great quantity of sand and fish. These commotions of the 
sea were repeated 18 times, and continued till 6 in the evening, though not with, 
such violence as at the first time. The fountains were dried up, so that there 
was no water to be had till night : and as to the shore-side, the waters came up 
half a league inland. 

At Arzila, it happened about the same rime, but the damage was not great. 
At the coming up of the sea 7 Moors, who were out of the town walls, were 
drowned ; arid the waters came in through one of the city gates very far. The 
water came up with such impetuosity, that it lifted up a vessel in the hay 
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svhich, at the water’ s falling down to its centre again, fell down with such a force, 
upon the land, that it was broke to pieces ; and a boat was found at the distance 
of 2 musket-shots within land from the sea. 

At Salle, there happened very great damage, several houses having fallen 
down. The waters came up with such rapidity, that they came into the city, 
and at their foiling down, great quantities of fish were found in the streets, and 
many persons were drowned: 2 ferry-boats overset in the river, and all the people 
on board were also drowned ; and a great number of camels, that were just then 
going for Morocco, were carried away by the waters. 

At Fez, vast numbers of houses fell down, and a great many people were 
buried under the ruins. At the Scloges, a place where the Barbarians live, not 
far from Fez, a mountain broke open, and a stream issued out as red as blood. 

At Mequinez, a vast number of houses fell down, and a great many people of 
both sexes were buried under their ruins ; the convent of the Franciscan friars 
fell down to the ground, but the friars were saved. 

AtSafFe, several houses fell down, and the sea came up as for as the great 
mosque, which is at a great distance from the sea. 

At Morocco, by the falling down of a great number of houses many people 
lost their lives ; and about 8 leagues from this city, the earth opened, and swal- 
lowed up a village, with all the inhabitants, (who were known by the name of 
the sons of Busunba) to the number of about 8 or 10,000 persons, with their 
cattle of all scats, as camels, horses, homed cattle, &c. and soon after the earth , 
was closed again, in the same manner as it was before. 

At Fez and Mequinez, on the 18th of November there happened another 
earthquake, which was more violent than the first, and lasted till break of day 
the 19th ; during which time great numbers of houses fell down at Fez ; many 
people of both sexes were buried under their ruins ; and as to Mequinez, there 
are but few houses left standing. The people killed by the falling of the houses, 
besides the wounded, are numberless; and in the part of the town called the 
Jews’ Habitation, only 8 persons were saved. 

At Saijon Hills, one of the hHls was rent in two ; one side of which fell on a 
large town, where there was the famous sanctuary of their prophet, known by 
the name of Mulay Teris ; and the other side of the said hill fell down on an- 
other large town, and both towns and the inhabitants were all buried under it. 

The famous city of Tasso was wholly swallowed up ; no remains left. 

This last earthquake was likewise felt at Tetuan and Tangier, but without 
any other damage than that the fountains of Tangier were dried up for 24 hours. 
Of the Earthquake in the Island of Madeira, Nov. 1, 1755, in a Letter from 
Dr. Tho. Heberden , to his Brother Dr. Wm. Heberden, F.R.S. p. 432. 
Nov. 1, 1755, in the city of Funchal, on the island of Madeira, at half an 
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hour past 9 o’clock in the morning, was perceived a shock of an earthquake. 
The first notice was a rumbling noise in the air, like that of empty carriages 
passing hastily over a stone pavement ; immediately the floor moved with a tre- 
mulous motion, vibrating very quickly; the windows rattled, and the whole 
house seemed to shake. The shock lasted a full minute ; during which the vi- 
brations, though continual, abated and increased twice very sensibly, in point of 
force. The noise in the air, which had preceded the shock, continued to ac- 
company it ; and lasted some seconds after the motion of the earth had entirely 
ceased ; dying away like a peal of distant thunder rolling through the air. The 
direction of the shock seemed to be from east to west. 

About an hour and half after the shock had ceased, the sea, which was quite 
calm, was observed to retire suddenly some paces, and rising with a great swell, 
without the least noise, as suddenly advancing, overflowed the shore, and en- 
tered into the city-. It rose full 1'5 feet perpendicular above high water mark, 
though the tide, which ebbs and flows here 7 feet, was then at half ebb. The 
water umaediately receded again, and after having fluctuated 4 or 5 times be- 
tween high and low water mark, the undulations continually decreasing, it sub- 
sided, and the sea remained calm. 

In the northern part of this island the inundation has been more violent, the 
sea there retiring at first above 100 paces, and suddenly returning, overflowed 
the shore, destroying or damaging several houses and cottages, forcing open 
doors, and breaking down the walls of several stores or magazines, and carrying 
away in its recess a considerable quantity of grain, &c. Great quantities offish, 
were left on the shore, and in the streets of the village of Machico. All this has 
been the effect of one sole undulation of the sea, it never flowing afterward so 
high as high water mark ; though it continued fluctuating much longer there, 
before it subsided, than here at Funchal, as the fluctuation and swell was much 
greater here than it had been farther to the westward, where in some places it 
has been hardly, if at all, perceptible. 

Another Account of the same Earthquake at Madeira. By Mr. Charles 

Chambers, p. 435. 

This account contains no other particulars than the foregoing. 

Of the late Earthquakes of Nov. 1, and Dec. 9, 1755, as felt at Neufchatel in 
Swisserland. By Morn. De Vautr avers, F. R. S. p. 436. 

The dreadful earthquake of the 1st of November last has been perceived even 
in this country, though veiy faintly. It turned some of our rivers suddenly 
muddy, without any rain, and swelled our lake of Neufchatel to the height of 
near 2 feet above its natural level, for the space of a. few hours. 

The 9th of this month (Dec.) we felt a much more severe shock of an earth- 
quake. It happened a little before 3 o’clock in the afternoon, with a vibratory 
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motion from west to east ; another from east to west, and a third from west to 
east again. Some chimnies fell in at Cudrefin ; the bell in the tower at Morat 
rung 2 strokes. The shock was severer in lofty places than it was in low grounds. 
The lake of Morat, immediately after the earthquake, sunk 3 inches, and re- 
mains still in the same depression. The same earthquake was felt the same day, 
at the same hour, at Basil, Berne, Fribourg, Geneva, and all over Swisserland ; 
as likewise at Besanqon in France. 

Of the Earthquake felt at Geneva, Dec. 9, 1755. By Motts. Tremhley. p. 4jy3v 

The earthquake of Nov. 1, was felt at Lyons. It is said that the waters re- 
tired for some moments at the end of the lake of Geneva ; and that a motion 
was observed in those of the lake of Zurich. On the 9th of this month, (Dec.) 
a little before half an hour after 2 in the afternoon, in very fine and very calm 
weather, there was felt here in all the houses in general a very great shock of an 
earthquake; but it did no damage. The motion was particularly remarked in 
looking-glasses and windows. Those who were sitting perceived that their chairs 
shook; and many thought that they were going to fall. The sick felt the motion 
'in their beds. The bells in the rooms of several houses rang. The bell of the 
clock in the tower of the isle of Rhone rung several times. The motion was felt 
even on the ground floor of houses. It was felt at Nion, Morges, Lausanne, 
Berne, Zurich, and perhaps more strongly than here. Three shocks were in 
fact felt within the space of about a minute. During the first a noise was heard 
like that of a cart passing over a pavement. 

Of the Earthquake felt at Boston in New- England, Nov. 18, 1755. Communi- 
cated by John Hyde, Esq. F.R.S. p. 439. 

Tuesday, Nov, 18, 1755, about half an hour past 4 in the morning, Mr. H. 
was awaked by the shaking of his bed and the house ; the cause of which he im- 
mediately concluded could be nothing but an' earthquake, having experienced one 
before. The trembling continued about 2 minutes. Near JOO chimnies are 
levelled with the roofs of the houses ; many more, probably not fewer than 12 or 
or 1 500 are shattered, and thrown down in part ; so that in some places, espe- 
cially on the low loose ground, made by encroachments on the harbour, the 
streets are almost covered with the bricks that have fallen. Some chimnies, 
though not thrown down, are dislocated, or broken several feet from the top, 
and partly turned round, as on a swivel; some are shoved oh one side horizon- 
tally, jutting over, and just nodding to their fall : the gable ends of several brick 
buildings, perhaps of 12 or 15, are thrown down, and the roofs of some houses 
are quite broken in by the fall of the chimnies : some pumps suddenly dried up ; 
the convulsions of the earth having choaked the springs that supplied them, or 
altered their course. Many clocks were also stopped by being so violently 
agitated. 


Digitized by t^ooQle 



VOL. XLIX.] PHILOSOPHICAL TRANSACTIONS. 6t)f 

Of the Earthquake felt in New York, November 18, 1755, in a Letter from 
Cadwallader Colden , Esq. p. 443. 

A few minutes past 4 in the morning, Mr. C. was awaked with the shock of 
the earthquake. He plainly heard the noise like that of carts on pavements* 
going to the eastward, with now and then a noise like the explosion of a great 
gun at a distance. It was felt about 4 o’clock at Philadelphia, and half after 4 
at Boston, and was more violent to the eastward than the westward, and there 
was an eruption at a place called Scituate, about 20 or 30 miles to the south- 
ward of Boston. The summer and autumn had been unusually dty for some 
days before the earthquake, though the sky was perfectly calm and serene, the 
air was so light, that the smoke of the town by falling down was offensive to our 
eyes, as we walked the streets. In the last remarkable earthquake, which hap- 
pened about 17 years before, and nearly at the same time of the year, the wea- 
ther preceding it was much the same as now, attended with the falling of the 
smoke in the town. 

Of the Earthquake felt in Pennsylvania , Nov. 18, 1755, in a Letter to Mr. 

Peter Collinson, F. R. S. p.444. 

Abour 4 o’clock this province was pretty generally alarmed with the shock of 
an earthquake. It gradually increased for 1 minute to such a degree as to open 
the chamber door, by drawing the bolt of the lock out of the staple. Some 
people thought they felt its continuance 5 or 6 minutes, but the writer thinks it 
did not exceed 1, nor was it less. He felt the shock of the 2 earthquakes in 
England ; but they were little in comparison to this. 

LX. Of Four Undescribed Fishes of Aleppo. By Alex. Russel, * M. D. p. 445. 

Of these fishes Dr. Russel brought the drawings and descriptions from Aleppo. 

* Alexander Russel, m.d. was bom in the city of Edinburgh about the year 1714; where hit 
father practised the profession of the law with great reputation. After the usual course of grammati- 
cal study in the High School at Edinburgh, and afterwards in the University, be was placed with 
his uncle, an eminent physician in the same city. In the years 1732, 3, and 4, be attended the 
lectures of the various professors, and having finished his studies, he settled about the year 1740, at 
the dty of Aleppo, where he was greatly esteemed by the English factory. He acquired great cele- 
brity in his profession, and was frequently consulted, not only by the Greek, Armenian, and Jewish 
inhabitants of that region, but even by the Turks themselves, who are said to have held him in high 
esteem, and to have placed great confidence in his opinion. 

In 1755 he returned to Britain, and settled in London, where he composed his well-known work the 
History of Aleppo, of which a second edition has lately been published under the care of his brother 
the late Dr. Patrick Russel, author of the splendid work on Indian Serpents and Fishes. To Dr, 
Alexander Russel we owe the introduction of the true scammony, as well as that highly elegant 
Arab the arbutus andrachne into the Botanic Gardens of England. About 1759 he was chosen 
physician to St. Thomas's Hospital, and was also elected a r.a.js. He attained a very considerable' 
degree of eminence in his profession, and maintained a great integrity of character. Ho died Nor. 
28, in the year 1758. 
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Fig. 11 and 14 , pi. 15 , seem to be quite new genera; and 12 and 13 , though 
they belong to the same genus with the mystus, described by Gronovius in his 
Mus. Ichthyologic, p. 34 , N° 83 , and p. 35 , N° 84 , yet are species of that 
fish which has not hitherto been described. 

The fish, fig. 1 1,* resembles much in shape the Silurus Ronddetii, and has no 
scales. Its length, from the nose to the tip of the tail, is 20 inches ; weight 20 
oz. ; but they are of different sizes. The head and back, are of a black colour. 
The lateral line runs quite from the head to the tail, on the middle of the side ; 
below which, to the belly, the colour gradually changes into a dark purple ; of 
the same colour is the under part of the head. The head is flat, and near 5 
inches in length. The body roundish, till within a few inches of the tail, where 
it grows flat. The month is not so large in proportion as that of the Silurus; it 
has no tongue, and the structure of the mouth and palate agree exactly with the 
description of that fish. From the edge of the nostril on each side arises a small 
cirrus ; and from the angles of the mouth 2 others, that are stronger, and twice 
as long. On the lower lip are 4 more, the 2 external being the longest. The 
eyes are situated near the comer of the mouth, close on the edge of the upper 
jaw. The branchiae are 4 on each side, and all of them have a double row of 
sharp points, like the teeth of a comb. It has 2 fins, situated near the bran- 
chiae, consisting of ^ radii, to the interior part of which is joined a pretty strong: 
prickly bone ; about an inch above the anus are 2 smaller fins. A long fin ex- 
tends from a little way under the anus to the tail, as another of the same kind 
does from the neck all along the back : neither of these fins join with the tail, 
which is round at the tip, and composed of about 22 feathers. It is found in, 
the river Orontes, and in some stagnant waters near it. The markets of Aleppo 
are plentifully supplied with it, from the month of November till the beginning 
of March. The flesh is red like beef, and of a rank taste; and, though for 
want of better, eaten much by the people, yet is esteemed unwholesome. The 
name it usually goes by is semack al aswad, which signifies the black fish. Its 
proper name however among the natives is siloor. 

The fish fig. 12,*f* is about 4 inches long. The head is large said fiat, the- 
body oblong and compressed. Its colour is mostly of a dark silver. The eyes 
are large and protuberant. From the lower jaw arise 4 cirri ; the longer measure 
one inch, the shorter 2 thirds of an inch. From the upper jew arise 2 longer, 
each measuring 24- inches, of a firmer texture than either those of the lower jaw, 
or 2 other small ones placed just by the nostrils. Between the 2 long cirri are 2 
small tubuli. The whole of the cirri are of a white colour, excepting the 2 
longest, which are of a darkish cdour, like the upper part of the head. The, 

• Siharm angmOarit. linn. + Sihunu am. Lina. 
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fins are 8 in number. Two by the. gills, each furnished with a strong saw-like 
bone. Two small ones near the anus. One of 8 radii, situated half-way be- 
tween the anus and the tail. One consisting of 7 radii on the back. Another 
fin, of a membranous and fleshy texture, arises from the middle of the back, 
and is continued all along to the tail. The tail is forked. It is found in the 
river Coic at Aleppo, where the fish in general are extremely small, in propor- 
tion to those of the same kinds found in other rivers, probably owing to the assi- 
duity of the fishermen. It is called by the natives, zakzuk. 

Fig. 13 represents a fish, which in its general form somewhat resembles the 
above. It is in length 3 inches. The head is rather flatter ; the mouth has a 
more inferior situation, and is in proportion larger than that of the former fish ; 
the eyes much smaller. The cirri, situated as in the other, are 8 in number, 
but much shorter those that rise from the upper jaw (being the longest) mea- 
suring only one inch ; they are also flatter at their origin. They both agree in 
the number of their fins ; neither has the saw-like bone in the fin of the back,, 
but only in those near the gills. The fleshy fin of the back is much smaller 
than in the zakzuk, and rises at a much greater distance from the back fin. 
The colour is a pale silver marbled with grey ; particularly the lower part of the 
fins and tail. The 2 larger cirri likewise marbled, the others white. These 2 
fishes (fig. 12, 13) have no scales, and the palate and other structure of the in- 
side of the mouth is like that of the silurus. This fish is also from the river Coic.. 

The fish fig. 14* has, on a slight view, so much the appearance of an eel, and, 
except its not being so fat, eats so like that fish, that though it is much oftener 
brought to the tables of the Europeans at Aleppo than any other fish found ia 
the river Coic, it has never been suspected of being any ways different from the 
common eel ; and yet on examination it will be found of quite another genus. 

The head is long and small. The extremity of the upper jaw runs out to it 
narrow point, like the bill of a bird ; on each side of which, a little distant from 
die extreme point, are 2 tubuli, or processes. As in the common eel, there 
are. 2 fins at the gills. From the occiput, all along the ridge of the back, s mal l 
prickles are placed at little distances, resembling the teeth of a saw* these termi- 
nate at the origin of a membranous fin, rising about 4 inches from the tail, and 
is continued, as in the eel, along the lower part of the belly to the anus, at 
which place are also found 2 or 3 prickles. The colour of the head and back ia 
blackish, variegated with dark yellow spots. The lower belly white, changing 
gradually into a yellowish cast. The fin of the lower belly, near the anus, is. 
yellow: the other half spotted with black. The length of the fish described was 
U inches. 

* Ophidium Mastacembalns. (Gen. Zool.y 


Digitized by ^mOoq Le 



6 70 


PHILOSOPHICAL TRANSACTIONS. 


[anno 1755. 


T.Y T Of a Curious, Fleshy , Coral-like Substance .* By Dr. John Albert 

Schlosser, M.D., F.R.S. With some Observations on it, by Mr. John Ellis, 
F.R.S. p.449. 

Having hired some fishermen to dredge, to examine the small English coral, 
or corallium nostras of Ray’s Synopsis, recent in the microscope ; the first time 
they hauled in the dredge, the Dr. discovered a most extraordinary sea-produc- 
tion surrounding the stem of an old fucus teres : it was of a hardish, but fleshy 
substance, and more than an inch thick, of a light brown or ash-colour, the 
whole surface covered over with bright yellow shining and star-like bodies, which 
induced him to believe it to be an undescribed species of alcyonium. He put it 
immediately into a bucket of sea-water, expecting every moment that the polypes, 
which he thought lodged in those little stars, would extend and show themselves, 
like those of the alcyonium, N° 2 of Ray’s Synopsis, commonly called dead 
man’s hand, but after more than half an hour’s fixed attention, the vessel lying 
very quiet all the time, he did not perceive the least appearance of any polypes : 
on which he brought them to shore in the sea-water, and then, by means of the 
microscope, discovered every one of those stars to be a true animal, and much 
more beautiful than any polype, but quite of a different structure. Eveiy one 
of those stars is composed of many thin hollow radii, of a pear-shape form, from 
5 to 12 or more in number, all united intimately at their smaller end : every 
radius appears broad at the extreme part from the centre, and a little convex in 
the middle of this raised broad part. When the animal is alive, there appears 
a small circular hole, which contracts and opens frequently. All the radii are of 
this structure ; but their common centre, which is formed by a combination of 
all the small converging extremities, exhibits an opening of a circular, oval, or 
oblong figure, forming a kind of rising rim like a cup, which, when the animal 
is alive and at rest, contracts and expands itself to many different degrees, with 
great alertness and velocity, though sometimes it remains a great while expanded, 
or contracted. In all these holes, the central large one, as well as the smaller 
ones, which last he takes to be the mouths of the animal, he could not perceive 
any tentacula or claws on the outside ; but by looking into them very narrowly, 
he saw something like veiy tender little fibres moving at the bottom of their in- 
sides. By comparing and examining all the various pieces he had collected of 
this fleshy substance, with its shining stars, he observed that the size and colour, 
as well as the very figure of these stars, varied greatly; but the structure of the 
leaf-like radii, and that of their mouths, and their motions, were perfectly the 
same in every one individual. Many of these bodies he found so thick and large, 

* The substance here described belongs to the genus alcyomum, and is die Alcyonium SdUoueri of 
Linneus. 
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as to resemble the great branched madrepora coral, especially as they arc gene- 
rally to be met with covering and inclosing the stem and branches of this stiffj 
ramose fucus. Thus far Dr. Schlosser. 

Mr. John Ellis adds the following : 

Fig. a, pi. l6, expresses this alcyonium, surrounding the stem and branches 
of a fucus. I have called it alcyonium carnosum asteriscis, radiis obtusis, 
omatum. Fig. b, part of a leaf of the common alga, or sea-grass, with 4 of 
these starry figures on it. Fig. c, one of the stars magnified. Fig. d repre- 
sents the fucus, on which it grows, which I cannot find any where de- 
scribed. I have entitled it, in my collection of English fucuses, by the follow- 
ing descriptive name, fucus teres frutescens, germinibus arborum gemmas 
fruetiferas referentibus. 

I have had an opportunity lately of examining this curious* fleshy, coral-like 
figure in the microscope, and find that all the interstices between the stars are 
filled with eggs of different sizes, each adhering by one end to a very fine capil- 
lary filament. The smallest eggs are globular, and as they advance in size, they 
change to an oval figure ; whence they assume the shape of one of the radii of 
the stars. In several of these stars I have observed a smaller radius, as it were, 
endeavouring to get into the circle ; and notwithstanding their seeming connec- 
tion in the centre as one animal, I believe I shall soon be able to show you, 
in a drawing from the microscope, that each radius is a distinct animal by itself. 

LX IT. Two Singular Cases of Diseased Knee-joints Successfully Treated. The 

first by Topical Applications ; the second bu Operation - By Mr- Joseph 

Warner, F.R.S. p.452. 

. The species of tumors here meant, are those which are distinguished by the 
name of hydrops articuli, or the dropsy of the joint; of which Mr. W. observes* 
there are 2 different kinds. The one where the disease is situated in the mem* 
brana adipo6a, and neighbouring parts on this side the capsular ligament. The 
other is that species of disease, where the fluid is contained within the capsular 
ligament, between the extremities of the thigh-bone, and the largest bone of 
the leg. The first species of tumor may be distinguished from the 2d by the 
touch ; from the appearance of the tumor of the first kind, which is pale and 
uniform ; from a want of fluctuation, and from the little or no pain attending 
it. The repeated use, for some weeks, of emollient fomentations, mercurial 
frictions, and gentle purges, has often been known to remove this disorder. At 
other times it has been found, that these applications have had little or no effeet, 
but that the disease has given way to, and been totally removed, by the use. of 
perpetual blisters to the part affected ; which should, in most instances, be con- 
tinued for several weeks. At other times Mr. W. has known the Pisselaeon In- 
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dicum, in English called the Barbadoes tar, to have so good an effect, by b eing 
applied every day to the joint for some weeks, even after every other remedy had 
failed, as to cure such a disorder of the kee-joint, as had hitherto been judged 
desperate : in which case there plainly appeared to be an enlargement of the 
bones, as well as a very considerable one of the integuments, and of the ten- 
dinous and ligamentous parts, but without any apparent inflammation. In this 
Instance no extra vasated fluid could be discovered ; however, there was an im- 
mobility of the joint, and a considerable contraction of the hamstrings. The 
pain was extremely great, which the patient described as shooting through the 
ligaments of the joint, the knee-pan, the extremities of the thigh-bone, and 
those of the leg. He had a severe symptomatic fever, which had been of many 
weeks continuance, by which he was become greatly emaciated. The reason for 
Mr. W.’s giving so particular an account of the circumstances attending this 
fact, proceeded from his desire of recommending a trial of the same remedy, in 
the like cases ; which, as far as he could judge from his own experience, might 
always be safely done where there was no degree of inflammation already formed 
on the integuments. 

The 2d species of hydrops articuli, or that where the cxtravssated fluid is con- 
tained within the capsular ligament, may be distinguished from the first, from 
its deep situation ; from the fluctuation which is felt on patting the knee on one 
side, while the other hand is held imrooveably on the opposite side ; from the 
degree of pain arising from the distension, which the capsular ligament suffers, 
in consequence of its contents ; from the incapacity of bending the joint- ; and 
from the circumstance of i^ being attended with no general complaints of body, 
as well as from the sudden enlargement of the tumor ; on the increase of which 
depends the degree of uneasiness in the part. This is very far from being the 
case in that kind of disease called the spina ventosa, which arises originally from 
the medulla .and bone itself being diseased ; whence proceed grievous pricking 
and throbbing pains, that usually come on previously to any visible enlargement 
of the part affected, or any discoverable quantity of fluid' deposited in the joint; 
the difference of which symptoms resulting from the different diseases, is seen 
•from the case which he describes, when it was judged necessary to cut more than 
once through the capsular ligament, in order to evacuate its contained extra- 
vasated fluid ; which, contrary to the ^commonly received opinion of wounds of 
the ligaments being attended with certain destruction to the limb, should always 
he done under the like bad circumstances, in reasonable expectation of removing 
a complaint, which totally disables the patient, and too frequently terminates in 
•the loss of the limb when neglected. And Mr. W. was the more inclined to 
□recommend this practice, as he was convinced that this disease is out of the 
inc h of such applications, as are of service in other diseases of these parts. 
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whose situation is more superficial ; that is, on this side the ligament, in which 
is contained the synovia. 

(Then follows a detail of the case, the insertion of which in these Abridge- 
ments was deemed unnecessary, after the preceding observations, and account 
of the successful result of the operation of cutting through the capsular li- 
gament.] 

LXIII. Extract of a Letter from Mr. Wiliam Pye, dated, Manilla , Oct. 1st, 
1754, giving some Account of that Place, p. 458. 

Manilla is one of the largest of the Philippine islands, and the city is much 
larger than Oxford ; it has 2 universities in it, and is inhabited only by Spa- 
niards. The houses are large, and built very strong ; the ground-floor is stone ; 
the walls of a prodigious thickness ; all above is wood, and so contrived, that 
every piece of timber has a connection with each other, all over the house : 
they are let into one another, and joined together, that the earthquakes, which 
are very terrible and frequent, may not throw them down. The convents are 
likewise very strong and handsome. The suburbs are very extensive, and well 
inhabited. 

In the year 1750 there was an earthquake here, which lasted 3 months, with 
almost continual tremblings, which at last broke out in an eruption, in a small 
island in the middle of a large lake, all round which the bottom is unfathomable. 
The third day after the commencing of the eruption, there arose 4 more small 
islands in the lake, all burning; and about a mile distance from one there is a 
continual fire, which comes out of the water, where there is no ground, for 
upwards of 100 fathoms deep. This happened but 4 years ago. 

LX1F. An Essay on the Waters of the Holy Well at Malvern, Worcestershire. 

By J. Wall, M. D. p. 459. 

[Reprinted in this Author s Medical Works, with some important additions 
relative to the chemical analysis of the Malvem-water, by his son Dr. Martin 
Wall, of Oxford.] 

LXF On the Case of a Man who Died of the Effects of the Fire at Eddystone 
Lighthouse. By Mr. Edward Spry, Surgeon at Plymouth, p. 4 77. 

On the 4th of Dec. 1755, at 3 in the afternoon, Henry Hall, of East-stone- 
house, near Plymouth, aged 94 years, of a good constitution, and extremely 
active for one of that age, being one of the 3 unfortunate men, who suffered 
by the fire of the lighthouse at Eddystone, 9 miles from Plymouth, having been 
greatly hurt by that accident, with much difficulty returned to his own hon e. 
Mr. S. being sent for found him in his bed, complaining of extreme pains all 
vol. x. 4 R 
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over his body ; especially in his left side, below the short ribs, in the breast, 
mouth, and throat. He said likewise, as well as he could, with a hoarse 
voice, scarcely to be heard, that melted lead had run down lus throat into 
his body. 

Having taken the proper care of his right leg, which was much bruised and 
cut on the tibia, Mr. S. examined his body, and found it all covered with livid 
spots and blisters; and the left side of the head and face, with the eye extremely 
burnt ; which having washed with linen dipped in an emollient fomentation, and 
having applied things used in cases of burning, he then inspected his throat, the 
root of his tongue, and the parts contiguous, as the uvula, tonsils. See. which 
were greatly scorched by the melted lead. He ordered him. to drink frequently 
of water-gruel or some such draught ; and returning to his own house, sent him 
the oily mixture, of which he took often 2 or 3 spoonfuls. 

The next day he was much worse, all the symptoms of his case being height- 
ened, with a weak pulse ; and he could now scarcely swallow at all. The day fol - 
lowing there was no change, except that, on account of his too great costive- 
ness, he took 6 drs. of manna dissolved in 14. oz. of infusion of senna, which 
had no effect till the day following ; when just as a clyster was going to be ad- 
ministered, he had a very fetid discharge by stool. That day he was better till 
night, when he became very feverish. The next day, having slept well the pre- 
ceding night, and thrown up by coughing a little matter, he was much better. 
He began now to speak with less difficulty, and for 3 or 4 days to recover gra- 
dually ; but then suddenly got worse ; his pulse being very weak : his sides 
which grew worse daily from the first, now reddened a little and swelled ; to 
which Mr. S. applied the gum-plaster. But all methods proved ineffectual, for 
the next day, being seized with cold sweats and spasms in the tendons, he 
soon expired. 

Examining the body, and making an incision through the left abdomen, Mr. 
S. found the diaphragmatic upper mouth of the stomach greatly inflamed and 
ulcerated, and the tunica in the lower part of the stomach burnt ; and from the 
great cavity of it he took out a large piece of lead of the weight of 7 oz. 5 drs.. 
18 grs. and of the shape of the bottom of the stomach. 

It will perhaps be thought difficult to explain the manner, by which the lead 
entered the 6tomach : but the account which the deceased gave, was, that as he 
was endeavouring to extinguish the flames, which were at a considerable height 
over his head, the lead of the lantern being melted dropped down, before he- 
was aware of it,, with great force into his mouth, then lifted up and open ; and; 
that in such a quantity, as to cover not only his face, but all his clothes.. 

A Further Account of the Preceding Case. By Mr. Spry. p. 480. 

Some persons having suspected the accuracy of Mr. S.’s statement in the pre- 
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ceding case, from imagining that the degree of heat in melted lead was too 
great to be borne in the stomach, without immediate death, or at least much 
more sudden than happened in this case; Mr. S. asserts the fact, not only by 
his own, and, if requisite, tire oaths of others, but also by the following experi- 
ments, which from similarity of circumstances must not only render that pro- 
bable, but in the most convincing manner the absolute possibility of his as- 
sertion. 

He extracted in 3 pieces, from, the stomach of a small dog, 6 drs. 1 scr. of 
lead, which he had poured down his throat the day before. The mucous lining 
of the oesophagus seemed very viscid, and the stomach much corrugated, though 
its internal coat was no-ways excoriated. The dog had nothing to eat or drink, 
after; nor for 24 hours before the experiment, when, being very brisk, he 
killed him. 

He also took from the stomach of a large dog, in several pieces, 6 oz. 2 drs-. 
of lead, 3 days after thrown in. The pharynx and cardia of the stomach were 
a little inflamed and excoriated ; but the oesophagus and stomach seemed in no 
manner affected. He gave this dog half a pint of milk just before he poured 
down the lead ; very soon after which also he eat of it freely, as if nothing 
ailed him ; which he daily continued to do, being very lively at the time he 
killed him. 

From the crop of a full grown fowl, he in oompany with Dr. Huxham, f. r. s* 
extracted of lead one solid piece, weighing 2| oz. with 9 other small portions* 
weighing -J- oz. which lead was thrown down the fowl’s throat 25 hours before* 
The fowl was kept without meat for 24 hours, before and after the experiment* 
eating (being very lively just before they killed him) dry barley, as fast, and 
with the same ease as before. The mucus on the larynx and oesophagus was 
somewliat hardened. The external coat of the crop appeared in a very small 
degree livid ; and the internal somewhat corrugated. The barley was partly in 
the oesophagus, though mostly in the craw, which was almost full with the lead. 
He took 2 oz. 1 scr. from the crop of another fowl, 3 days after the expert 
ment, which fowl was very brisk to the last. 

Allowing, for a further satisfaction, that the experiment be tried, it is re- 
quisite in making it, that the melted lead be poured into a funnel, whose spout 
being as large as the throat of the animal (whose neck must be kept firmly 
erect) will conveniently admit of, must be forced down the (esophagus, some- 
what below the larynx, lest any of the lead might fall in it; and according to the 
quantity, either by totally, or partly obstructing the aspera artcria, cause imme- 
diate, or a lingering death ; which accidents happening in his first experiments 
on 2 dogs, directed him to proceed in the above manner. 

4 r 2 
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He had a dog with lead in his stomach, which he intended to keep, to prove 
how long he could live. 

On the same Case of the Man , who Swallowed Melted Lead. By John Hitce- 

ham, M. D., F. R. S. p. 483. 

Our worthy commissioner, Fred. Rogers, Esq. sent the lead here mentioned, 
to Dr. H. 3 days after it was said to be taken out of the man (Hall) who was 
said to have swallowed it. He immediately sent for Mr. Edward Spry, an in- 
genious young surgeon, of Plymouth, who attended this Hall during his illness, 
and extracted the lead from his stomach (as was reported) when dead. Mr. 
Spry solemnly assured Dr. H. that he did actually take the lead, that was sent 
him, out of the man’s stomach, and offered to make oath of it. This Hall' lived 
12 days after the accident happened, and swallowed several things, solid and li- 
quid during that time ; and he spoke tolerably plain, though his voice was very 
hoarse. And he constantly affirmed, that he had swallowed melted lead. 

However, as the story seemed very extraordinary, and not a little improbable. 
Dr. H. did not chuse to transmit any account of it to the r. s. as he could have 
wished for more unexceptionable evidence ; for Mr. Spry had no one with him, 
when he extracted the lead, but one woman, Philips, the daughter of Hall, and 
another woman, who were also in the house, not being able, as said, to see the 
operation, but immediately called in after it, and Mr. Spry showed them the 
lead. He sent a very sensible gentleman to inquire into this affair, and he had 
this account for them. 

Mr. Spry was, to the best of his knowledge, a person of veracity, and he 
thought would not utter an untruth. But, what was more, on Wednesday he 
brought him a live young cock, into the crop or craw of which, he had the day 
before poured somewhat more than 3 oz. of melted lead. The cock indeed 
seemed dull, but very readily pecked and swallowed several barley-corns, that 
were thrown to him. He had the cock killed and opened in his view, and in 
the crop they found a lump of lead weighing 3 oz. and some other little bits of 
lead. He made no doubt the cock would have lived several days longer, if it had 
not been then killed. There seemed a slight eschar in the cock’s mouth, occa- 
sioned by the melted lead, and the crop seemed as if parboiled. This experiment 
is very easily made, and seems to confirm the probability of Mr. Spry’s 
account. 

LXVI. A Further Account of the Success of some Experiments of Injecting 

Claret , &c, into the Abdomen, after Tapping. By Mr Christopher War- 

rich. p. 485. 

The first case in which this experiment was tried, was that of the poor wo- 
man at Cubart, mentioned in the Transactions, N° 473, who was injected with 
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claret and Bristol water, and about a week after the operation died suddenly. 
She was upwards of 50 years of age. 

The 2d instance was that of a young woman of St. Kivern, who was about 25, 
and had been 3 times tapped in the common way. Here they made use of 2 
punctures, according to Dr. Hales’s method, as recommended in the Transac- 
tions, N° 478, and claret and tar-water for the injection ; which was conveyed 
into the abdomen through one canula, while the dropsical lymph passed off 
through the other. A few hours after she complained of much pain in her 
bowels, and on drawing off the whole contents at once, she fell into a syncope, 
in which she remained till about 12 o’clock the next day, when she died. 
It may not be amiss to mention, that her breath was immediately affected by the 
tar-water, and the smell of it continued to her death. 

The 3d instance being somewhat singular, Mr. W. thought proper to relate 
it in all its particulars. March, 1752, he was called to Flushing, a small town 
opposite Falmouth, to attend the tapping of a poor woman, who was about 40 
years of age, and laboured, as was imagined, under an ascitical dropsy, occa- 
sioned by a suppression of her menses, that happened about a year before. She 
had been told of his successes with Jane Roman, and desired his assistance, 
together with Mr. Rice, Mr. Cudlip, and Mr. Lillicrap, of the same profes- 
sion. She was a married woman, of a chearful temper, had never had a child, 
and to all appearance was a proper subject for the operation, she being never 
thirsty, and her extreme parts being of the natural size : the abdomen was like- 
wise evenly and equally distended, and of a great magnitude ; but the fluctua- 
tion was not altogether so manifest as might have been expected. From these 
circumstances they made no difficulty to resolve on the operation, and detennined 
to try, at the same time, the efficacy of a subastringent injection. A sufficient 
quantity therefore of claret and Bristol water heing got ready, Mr. Rice made 
the puncture ; but on withdrawing the perforator, instead of lymph, nothing 
but a thick, ropy, gelatinous fluid came through the canula, in colour resemb- 
ling red port wine, or rather grumous blood. The singularity of this did not 
however alter their measures. Two gallons of it were immediately drawn off, 
and half that quantity of claret and Bristol water injected in its stead. This 
they proposed to have repeated the next day, and as the circumstances of the 
patient would admit ; and to continue daily, till the whole contents should be 
gradually discharged ; fearing that a total discharge in the ordinary way would 
have brought on a syncope. But when they attended her again on the day 
following, not one drop of any fluid came through the canula ; and a 2d and a 
3d puncture was attended with no better success. Soon after this, the whole 
abdomen became painful and distended, frequent rigors came on, and a delirium, 
in about 12. hours, carried her off. On opening the body the day following, not 
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one drop of any fluid was found in the cavity of the abdomen ; an enormous 
cystis, which might have contained, when full, about 6 gallons, having com- 
pletely filled the whole extent of it. There were likewise attached to the coats 
of it 5 large bodies of fungus flesh, the least of them larger than a man’s fist. 
Each of these, when cut open, appeared to be divided into cells, full of white 
glutinous pus. This extraordinary mass adhered only to the fund of the uterus, 
and together with it, the fungus substances, and -vagina, when taken out, en- 
tirely covered a middle sized pillar and claw tea-table. They now found, that 
in the night the canula had accidentally slipped out of the cystis ; and that the 
operator, in making the 2d or 3d puncture, had fallen upon one of these fungous 
bodies, which gave occasion to the above-mentioned disappointment. On pro- 
ceeding to a further examination of the abdomen and thorax, they found every 
thing sound, and in its proper state, excepting the posterior part of the right 
lobe of the lungs, which was full of purulent matter, and adhered to the pleura. 
Mr. W. adds, that the ovaria did not distinctly show themselves, so as to satisfy 
any inquiry about them ; but this perhaps might be owing to the hurry or in- 
accuracy of the dissector. 

Whether these miscarriages are sufficient to discredit a method of practice, 
which has the appearance of being the most rational one yet found out for 
managing a dropsy, Mr. W. leaves to the determination of better judges. The 
frequent miscarriages that happen in the ordinary way, seem sufficient to justify 
every attempt to render the success of it less precarious. If any further trials of 
it be made, he would beg leave to recommend its being done before the viscera 
are too much injured by the dropsical- lymph ; and if the evacuation be made at 
different times, with a view of preventing a syncope, that brandy, or some such 
liquor, properly diluted, be made use of instead of claret, which, as he apprehends 
by the heat of the body, may be apt to turn sour. It may be likewise proper 
that the head of the patient, during the evacuation, lies lower than any other 
part of the body. 

As in the 2d instance above-mentioned, tar-water had been recommended by 
some gentlemen of the profession, then present, instead of Bristol-water, Mr. 
W. some time after the death of his patient, injected a pint of it warm into the 
belly of a small cur, to see how far the effect of it differed from that of claret 
and Bristol-water. The dog immediately fell into great agonies, and in about 2 
hours died. The abdomen being opened, all the intestines were found greatly 
inflamed. He then tried claret and Bristol-water, also port wine and fountain 
water, on other dogs, after the same manner. Each of these injections was re- 
tained with little or no inconvenience, except intoxications: and in 48 hours 
the dogs became well again, the injection being entirely absorbed. It occurred 
to him in making these experiments, when the power of absorption seemed very 
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considerable, how for it might answer in preventing a syncope, or for other pur- 
poses, that a fit quantity of a properly adapted injection be left undischarged, 
after tapping, which might be either absorbed or drawn off at proper intervals, 
as the strength of the patient might admit. 

LXVII. On the late Discoveries of Antiquities at Herculaneum , &c. in Two 
Letters from Camilla Paderni, Keeper of the Museum Herculanei . Trans - 
lated from the Italian by Robert Watson , M. D., F. R. S. Letter lil, Dated 
at Naples, June IS, 1755. p. 4Q0. 

In April last, a little beyond La Torre della Nunziata, where stood the an- 
cient Pompeii, in digging near the amphitheatre, there was discovered a marble 
capital of the Corinthian order. On making further trials, there were found 2 
pilasters of white marble, about 10 feet high, fluted on every side, with capitals 
and bases of. the Corinthian order. On one side of these pilasters have been 
found a series of 9 other pilasters, about 7 feet high, equally wrought with the 
larger : there were likewise 5 other pilasters on the side of the other great one, 
making in all 16 ; which are all of one piece, exclusive of the capital and the 
base, except one,, which is composed of 2 pieces. They were all excellently 
preserved, and were standing ; forming a portico before a building. All the 
buildings, which are in Pompeii, are of the same constitution with those of 
Herculaneum and Stabise ; that is, of one story. The portico is continued on 
the sides, but the pilasters are not of marble, but of brick covered with stucco, 
and coloured with green, and are not fluted like those of marble. One only of 
the sides is yet undiscovered, and we must wait to see the side opposite to the 
front, and the rooms within, to be able to speak decisively. 

The front was all painted in the grotesque manner ; but little, and that ill 
preserved, remains. There were no ornaments of stucco, or marble ; the walla 
indeed were coloured, and there were some small niches formed in the walls, 
each of which corresponded to one of the pilasters, and consequently there were 
18 in number. In several of them were found certain figures, some of earth, 
others of marble, in this order ; first was placed one of marble, then one of 
earth : those of marble were 9 small Hermae, among which there is a Hercules 
crowned with oak, some satyrs, fawns and Bacchantes. Two of them are of 
the old red, and the other of the old yellow marble, and are of an indifferent 
style. Those of the baked earth consist of 4 figures. The first is a Barbarian 
king, who stands erect with his right hand under his chin in a pensive manner, » 
and wears his chlamys clasped with a fibula on his right shoulder. But what 
makes this figure the more curious is, that the whole body forms a vase, on the 
back of which there is a handle to hold it by. Behind the head there is a little 
tube, through which water or some other liquor was poured in, and the mouth 
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of the figure is open, through which the liquor was poured out. The height of it 
is about 10 inches, and the style rather low. 

The 2d figure is of the same height and character, as to the workmanship ; 
but what it represents, renders it singular. This figure seems sitting, with its 
legs stretched out, which are distorted like those of some dwarfs. It has a great 
head ; the mouth, eyes, and nose, of which are extremely overcharged. It is 
dressed in the praetexta. On the breast is the bulla aurea, the string of which 
surrounds its neck, and is held with the right hand ; with the left it holds the 
tablettes called pugillares, on which the ancients placed wax, and wrote on it with 
a style. These pugillares are exactly like those dug up at Herculaneum, and 
which are preserved in that museum. Besides, it bears a great priapus, and be- 
hind is seen the breech. This was made for a vessel, such as that described 
above, except that besides that the mouth of this figure is pierced, the liquor 
can also be poured from the priapus. 

The third figure is entirely like the preceding, except in its dress, which is 
rustic, and bound round the waist with a cord, to which is fastened somewhat 
that cannot be made out, but which appears to be a little case to hold some- 
thing : the rest is not overcharged, but is rustic. It holds in its right hand a 
loaf, and its left hand is covered with its dress, and, like the other, it shows its 
breech and priapus. Probably such vessels were used for drinking the liquor 
coming out of the priapus, this being not unusual with the ancients, as Ju- 
venal in his second satire, gives us to understand ; Vetreo bibit ille priapo. 

The last figure represents the Roman Charity. She is sitting, and with her 
left hand embraces her father, and • with her right presses the breast which her 
father sucks ; who is expressed in this figure totally emaciated. This does not, 
like the others, form a vessel, but simply exhibits the story. The style is mo- 
derate, its height near the same as that of the others. This last groupe is co- 
vered with a varnish of glazing, like that which covers earthen plates and 
things of that kind. There were found, in the before-mentioned niches, 2 
little busts of baked earth, of the same height ; one wants the head. This 
is all that is found in that part of the building, which is supposed to be 
the front. 

In a little closet, the dimensions of which are about 6 feet in length, and 4 in 
breadth, discovered the 1 3th of last month, was found a very fine tripod, about 
3 feet high, extremely well preserved. In short, it is one of the most beautiful 
pieces of antiquity in the whole world. It is formed of 3 satyrs, young, and all 
exactly alike. Their heads are most beautiful, with a cheerful countenance, and 
the hair well disposed with a ribband, that surrounds the head. On the forehead 
stand 2 small horns, which are united. The right hand rests on the side of the 
body, and the left is open, with the arm somewhat extended. They have a great 
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satyresque priapus. The legs are united, and they place their feet on round 
bases, which have been turned in a lathe, and then covered with leaf silver. 
Their tails are twisted round a ring, by which they are suspended. The 3 satyrtf 
support with their heads the hearth of the tripod, which is of excellent work- 
manship, and has 3 moveable rings, which serve to remove the tripod from one 
place to another. One of these rings is wanting, and could not possibly be 
found. Whence we may suppose, that originally it was likewise wanting. On 
the hearth is another ornament united to its circumference, and forming a kind 
of radiated crown, which crown has also 2 handles, but not moveable. These 
serve to place the crown on the hearth. The bottom of the hearth is not of 
brass, like the rest of the tripod, but of baked earth. The above-mentioned 
closet, where this tripod was found, is all painted, and entire, with the ceiling 
unhurt. In the walls of it was a table of white marble, fastened in the wall 
itself, which might be called a side-board, and which was extended along the 
sweep of the room. On this table was found a crescent of silver, about 5 inches 
in diameter, and on the edge of its middle are 2 small holes to receive a string 
to support it. Perhaps this was an amulet, for we have another of the same 
metal, but smaller, with its supporter of silver, which has been long found. 
On the same table was another amulet of silver, about an inch in height, which 
represents Harpocrates. This figure has its finger near its mouth, the lotus on 
its head, and wings on its shoulders. On the right shoulder hangs a quiver, 
and its left arm holds a horn of plenty, and leans on the trunk of a tree, round 
which is a serpent, and at the foot of the trunk stands an owl. There was found 
a kind of fibula, which is of gold, and is extremely well preserved. Its form is 
round, and made like a large button. On the back there is a gold wire fastened 
to one side; the other end of which is fastened in a small piece of gold, soldered 
into the fibula. The whole is little more than an inch in diameter. There were 
found also 2 other figures; one is of marble, about a foot high, representing a 
woman; it js of no great value; the other is of ivory, but there remains nothing 
but the name, and a part of the face, by which may be perceived, that it is the 
work of an excellent Greek hand. AH' the rest consists as it were of minute 
leaves, which are so brittle that they cannot be united. Its height is about 
a foot. 

There was also found in the same closet, on the same marble table, one of 
the most beautiful statues ever seen, and so admirable, that I know not how to 
begin to describe it. Its height is little more than 3 inches, by which you may 
conceive what pains have been taken with it. It stands on its feet, and is quite 
naked, and presents a priapus, which is not satyresque, with a most perfect con- , 
trast of attitude. One observes through the whole figure a most perfect skill in 
anatomy, where the smallest muscle is not lost, and at the same time it seems 
vol. x. 4 3 
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not dry or hard, but palpable flesh. It is of a noble and excellent stile. Its 
head is somewhat rustic, with a goat's beard and ears. It has a laughing coun- 
tenance, turning its head with much grace, and brings its first finger of the left 
hand to its face. It extends and raises its right arm, which terminates in a manus 
impudica. Our Neapolitans, and I have seen the same in our peasants about 
Rome, frequently wear in their hair a pin, the head of which consists of 
such a hand; and they say, that they wear this against an evil eye; and in Naples 
some of these pins are worn by children. We have found several of these small 
hands at Herculaneum. It is observable, that these Priapi frequently had this 
liand; for among the many which remain under my care, there is one with 
human ears, and with this hand, which together with the whole arm forms a 
priapus. The head of the figure is covered with a cap, which is folded down 
behind; and its base is low and round, and well fitted. In fine this may be called 
one of the most excellent curiosities. In one of the other rooms there was a 
tide pair of scales, in which there are some remains of the strings made of a 
kind of fine coral, and the strings remain in some of the rings. There were 
found also many vessels of earth and fragments of metal. 

In the ancient Stabke they go on digging; but it is long since any thing of 
value has been found there, except that in the beginning of this month 2 small 
statues of brass were discovered. One represents a Venus, but of no value. The 
other a Panthea with a rudder, horn of plenty, lotus, modius, and sickle- It is 
but of ordinary workmanship. Many vases of earth, some of glass, have been 
found. A great vessel of copper with a handle, a singular funnel, a beautiful 
little vase of rock crystal with its cover, and a simpulum or ewer; divers medals, 
as well silver as copper, well preserved, but common, and various pieces of leaden 
pipes, have also been fonnd there. 

The same may be said of Herculaneum; for since the month of March, after 
the colossal bust of brass was found, they have discovered nothing of value, ex- 
cept one thing, which ought to make much noise among the learned, and which 
I believe to be the only one of its kind in the world. This is a little leg and 
thigh of metal covered with silver, and which is 5 inches long. On the external 
part of it is described a sun-dial formed on a quadrant, and as the thigh forms 
a quarter of a circle, the workman has taken the centre of this quadrant from the 
extremity or leg of the ham or gammon, and hence has drawn hour lines, which, 
with the lines that mark the months, form the usual compartments, some larger 
and others smaller, which are divided 6 by 6, as well in height as length. Below 
the inferior compartments, which are the less, are read the names of tbe months 
placed in 2 lines in a retrograde order, so that the month of January is the last 
in the first line, which bears the other 5 following months. In the 2d line are 
described the 6 other months in their natural order; so that the month of De* 
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cember is under January, and so the months shorter and longer, 2 and 2, have 
one common compartment for each couple. Almost on the edge of the right 
side, there is the tail of the animal somewhat bent, and this performs the office 
of the gnomon* On the extremity of the bone, that is, of the leg, or centre 
.of the quadrant, there is a ring to hold the dial in an equipoise; and it is sup- 
posed that in that place was fastened its plummet, such as in the like dials is to 
fall on the present month, to determine the shadow of the gnomon on the horary 
lines. It is observable also, that as these dials were described on a plain surface, 
according to a fixed rule, the surface of this metal ham being in one plane con- 
cave, in another convex, one cannot easily guess what rule the workman used to 
describe a dial of so difficult a kind, on a surface so irregular. - 

I must not neglect to acquaint you with what has been found in a trial made 
at Cuma, where were situated some sepulchres, which afforded many curious 
things. In May last, our miners opened a tomb of the family Pavilia, which 
formed a small chamber. On the floor were 3 corses, or. rather their bones, 
which were included in 4 pieces of the pipeline stone. These 4 stones fonned 
for each corse an oblong case. The engineer, who was present at the discovery, 
•told me, that one of these bodies was all covered by a substance unknown to 
hiip; but from his account I comprehended what it was. The corse was covered 
with a cloth of amianthus, which, as it was large, remained in This situation all 
on a heap, but calcined by the salts of the earth, for which reason it was neces- 
sary to take it up in pieces, it being become extremely brittle. However, to. be 
more sure of my opinion, I had a mind to try it in the fire, where it remained 
unchanged; whence there is no doubt but that it is amianthus. There were 
found a great many little pieces of paste as large as beans, which were taken by 
the miners for comfits but are the confection, which used to be put on dead 
bodies. They are composed of myrrh and other spices, and even now retain a 
very strong smell. There was found some cloth reduced almost to nothing, 
which had some ornament of gold embroidered on it, or rather wove into it, as 
is more probable from the gold thread. On the above-mentioned body were 
found some pieces of paper, for I have great reason to think it such from the 
trials, which I have made on the old papyrus, of which we have about 800 vo- 
lumes. This paper on one side is coloured with red minium, on the other it is 
black. 

Besides this paper, there were found a mirror of metal, and 3 tesserae, or dice. 
Under the corse, or bones, was found a padlock, through which were passed 3 
iron strigils, and another that was broken. It is remarkable,' that in all the 
other sepulchres, that were opened at Cuma in the month of May, there were 
found a mirror, 3 tesserae, strigils, and some very small fibulae of bone. In the 
above-mentioned sepulchre was found a small lectistemium, or rather pulvinar 
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deorum, which was very much decayed. It is mounted in iron. The ornaments 
which compose it being of ivory, the rust of the iron has as it were destroyed 
the whole. So that there were collected but a few remains of the 4 pillars, 
some pieces of the bands, which went round the frame, 8 pieces of ivory, of 
an oblong form, in each of which was engraved a figure of some unknown deity, 
all of the same design, but in a bad style; and two heads of a horse, which are- 
fellows, and belong to the lectistemium, not unlike that great one of brass, 
which is now in the Royal Museum. There were found also several little vases of 
earthen ware, whose form is this; they have a long neck, with a mouth propor- 
tionably straight; the body is oval, which towards the bottom is so small, that 
they cannot stand upright. The misfortune is, that 2 of these vases, which are 
of oriental alabaster, and of the mast excellent workmanship, are both broken 
in the middle. 

Near this sepulchre there was opened another, belonging to the freed men of 
the Pavillia family. There we found many glasses and pieces of earthen ware, 
and two most beautiful earthen lamps. On one of them is a Hercules going to 
slay a serpent with his club, which he holds in his left hand. On the other is a 
priestess of Bacchus, which in one hand holds the sacrifical knife, and in the 
other the half of a victim. There are also 2 very small wine-glasses, which 
contain, the one a liquor of the colour of red wine, the other a liquor more 
limpid than white wine, but without any smell. In this tomb were found also 
the usual dice, strigils, mirrors, and fibulae. The bones and ashes were in urns 
made of earth. 

Four other sepulchres also have been opened, in all of which were found the 
usual strigils, mirrors, tesserae and fibulae. In one of them was found a little 
earthen urn with its cover. Within the same tomb was a small urn of glas6 
elegantly made, containing the ashes of a child. Near the said urn were found 
several little things, which probably were the playthings of the child; these were 
two very small goblets of baked earth glazed, with a handle to each ; two small 
water ewers, of the same materials, with ornaments; these also are extremely 
small; another vase of common earth, which forms a recumbent ox, on the back 
of which is a hole to receive the water, which was poured out through the mouth; 
and there is a handle on one side of the body. In this same sepulchre was 
found a monstrous priapus of red earth. This figure has wings, and is much 
overcharged. All these things, which I have described, are preserved by me in 
the Royal Museum^ in a separate apartment from that in which is preserved what 
has been found at Herculaneum, Pompeii, and Stabiae. I have already filled 8 
chambers with antiquities; and because those are not sufficient, I shall begin to 
place many other things, which hitherto I have been forced to keep in. confusion 
in other chambers, which are on the same floor. A single volume of the Papyrus 
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is unfolded, being that which treats of music. At length the name of the au- 
thor, who was called Philodemus, is found written twice, at the end of the 
piece. The name is written once in a small, and a second time in a large hand, 
and in a good Greek character. They are now beginning to open, or rather to 
unroll another manuscript; but hitherto without much success; from some frag- 
ments we may collect that it treats of rhetoric. 

Dr. Watson makes the following Observations on the preceding. 

I think it probable, that Philodemus, the author of this treatise on music, was 
the Epicurean philosopher of that name, who was, as Strabo informs us, a native 
of Gadara in Syria. He wrote .many pieces in prose and verse, and his 10th 
book, ntfi ru> tpiXorotpiov ervvT*£cuf, is quoted by Diogenes Laertius. Indeed his 
sect, time, and abode, will allow of the supposition of his writings on music 
being at Herculaneum at the time of its destruction. He resided at Rome, and 
was the acquaintance of Tully, and the preceptor of Lucius Piso the consul. We 
learn from Asconius Pedianus, that it is Philodemus the Epicurean, of whom 
Cicero speaks with that admirable mixture of praise, and invective, and excuse, 
in his oration against Piso; where he says, that he knew him to be a man of 
elegance and polite literature; that it was from him that Piso learned his philo- 
sophy ; which was, that pleasure ought to be the end of all our pursuits; that 
indeed the philosopher did at first divide, and distinguish the sense in which that 
maxim was to be understood; but the young Roman perverted every thing to 
make it favour his inclinations and pleasures; and the Greek was too polite and 
well-bred to resist too obstinately a senator of Rome. He then tells us that 
Philodemus was highly accomplished in philosophy, as well as polite literature, 
which other Epicureans were apt to neglect; that he wrote verses, which were so 
sweet, so elegant, and so charming, that nothing could exceed them ; that he 
was betrayed into a too hasty friendship with Piso, from which he could not dis- 
engage himself without the imputation of inconstancy, and that, rogatus, invl- 
tatus, coactus, ita multa ad istum de isto scripsit, ut omnes libidines, omnia 
stupra, omnia caenarum conviviorumque genera, adulteria denique ejus, delica- 
tissimis versibus expressit. 

. I have met with some epigrams of Philodemus yet extant, some of which are, 
in my opinion, most facetious, and elegant. We might have had many more, 
had not Planudes, as the scholia inform us, rejected such out of his collection, 
as he thought too loose and voluptuous. Horace seems to have had some of 
these epigrams in his eye more than once, when he wrote his 2d satire of the first 
book; particularly where he says, 

hanc Philodemus ait; sibi, quae neque magno 

Stet pretio, neque cunctetur, cum est jussa venire. 

Is not this almost a translation of the 
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mu iruptyaru 

Tlxvru, xai airt|<rai iroXX*x» QiiSofAtvn. 

I will give the whole epigram, as a specimen of the style and manner of Phi- 
lodemus; but must beg, that in reading the third verse you would recollect what 
Homer says of the girdle or cestus of Venus, that it contained all kind of de- 
lights and blandishments, love, persuasion, and desire. 

iviypajUjAU, 

Mixx» xa» fxtXai weu •PiXuinoi/, uXXu mXnur 
OuXorffn, x’ a y.ii X ypuru Tf^i lump*), 

K*» xc«-T8 fuvtvfx jxxyunpu, x«» iruptytseu 
Hurra., xai unrt <rai TroXXam <pu iopin. 

Ttiuvrnv ertpyoiui 4>iXatwo>>, uy pi( ui tupw 
AXX*iv, u xpvortn K-'jrpi, nXtiortpnv.* 

Extract of the second Letter from Camilla Pademi, dated at Naples, July 29, 

1755. p. 507. 

A cameo of great excellence was found the 9th of this month. This cameo 
is in alto relievo. It is about an inch and a half long, and almost as much in 
breadth. It represents a half length of Ceres. The head is in profile, and- has 
a noble and beautiful air. It is turned, together with the body, a little to the 
left. The left arm is a little raised, and holds in the hand some ears of com. 
The right arm is lower, and close to the body. The right hand takes hold of 
part of a fine garment, or shift, with which the figure is in part covered. The 
head is adorned with a diadem; and the hair, which is of excellent workmanship, 
flows on her shoulders, tied with a single ribband, which rests on her neck. 
The stone, of which the head is composed, is pellucid, and the rest of the figure 
is cut out of a chalcedony by a Greek master; it w T as found at Stabiae, where 
they continue to dig. In the same place were found also buried several vases of 
metal and glass very well preserved. 

At Pompeii within these few days was found a most beautiful wine-strainer, 
small, but finely pierced, in a better taste than those already found, which are 
of brass. In this same place was dug up an ink-standish, with some of the ink, 
which I likewise preserved. There has been met with also an iron ax. There 
have been found, and they go on daily to find, many pictures. If the ancients 
had not dug in this place, we should have discovered many more things; for we 
find that they have taken away even some of the pictures. 

* Since the death of the learned Dr. Watson, which happened March 2, 1756, soon after his 
translation of these two letters of Catnillo Pademi, and his observations on the former, were read 
at the Royal Society, another epigram of Philodemus has been taken notice of, published at Leipsic 
in 1754, by the celebrated Mr. Reiske, which appears likewise to have been alluded to by Horace in 
the passage in part cited above from his second satire of the first book, ver. 120.— Orig. 
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LXVII. Of the Earthquake felt at Glasgow and Dumbarton ; also of a Shower 

of Dust falling on a Ship between Shetland and Iceland ; in a Letter from Dr. 

Robert Whytt, Prof, of Medicine in the Univ. of Edinburgh, p. 50(). 

. The earthquake at Glasgow and Greenock happened in the night between the 
30th and 31st of December, nearly at the same time. It was felt at Glasgow by 
almost every person that was awake, and out of bed, and also by some in bed, and 
who were not fast asleep. There were 3 successive shocks, or risings as it were of 
the earth. It was felt not only at Glasgow and Greenock, but also at many other 
places in the neighbouring country ; particularly at Dumbarton. 

By letters from a passenger on board a ship bound from Leith for Charles- 
town in South Carolina, it appears tliat on the night of the 23d or 24th of Oc- 
tober last, when the weather was quite calm, a shower of dust fell on the decks, 
tops and sails of the ship, so that next morning they were covered thick with it. 
The ship at this time was between Shetland and Iceland, about 25 leagues distant 
from the former, and which was the nearest land. This shower was probably 
owing to the great eruption, which happened ‘ at mount Hecla in Iceland, in 
October. 


LXFI1T. Extract of a Letter from Mons. Bonnet , F. R. S. Dated at Geneva, 
Jan. 30, 1756, concerning the Earthquake on the 14 th of November, 1755, 
in Falais in Swisserland. Translated from the French, p. 511. 

Valais is thought to have been more shaken by the earthquake than our city 
and its neighbourhood. The earthquake felt here, happened Nov. 14, at 3 
in the afternoon. It proceeded from the north, and lasted a minute. The earth 
opened on the mountain ; and the opening was large enough to thrust one’s 
hand in, and no bottom can be found. In another part of the mountain the 
earthquake opened a spring sufficient to turn 2 mills. The earth has been opened 
in another place. The opening is round, and no bottom can be discovered. 
The earth continues to shake almost every day, but these shocks are much gentler 
than the first. 

LXIX. Extract of a Letter from Mons. Allemand, F.R.S. Translated from 
the French. Dated Leyden, Jan. 27 , 1756. p. 512. 

On the night between the 26th and 27th of the last month, December 1755, 
between 11 and 12 o’clock at night, there was a considerable earthquake on the 
frontiers of this country. It was felt at Liege, Maestricht, Nimeguen, Arnheim, 
and Breda. There were 3 different shocks, the last of which happened at about 
A in the morning, but without any noise or accident. I have been informed by 
letters from Swissefland, that several shocks were felt there, and that the salt* 
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springs of Bevieux have been rendered more salt. At Amersfbrt, in the province 
of Utrecht, on the 1 5th of this month, was felt a shock of an earthquake, which 
occasioned great consternation, but no damage. 

LXX. Of some Fungitce and other Curious Coralloid Fossil Bodies. By Thomas 

Pennant ,* Esq. p. 513. 

Fig. 1, pi. 16, was found in the lime-stone quarries in Coalbrooke-dale, 
Shropshire, the greatest magazine of coralloid fossils that I am acquainted with. 
The length of this elegant body is equal to that drawn, and its greatest diame- 
ter, which is near the top, is about an inch and a half. It is exactly of the form 
of a pear, with a small portion of stalk remaining ; and its whole surface is 

* Thomas Pennant, Esq. was bom in Flintshire in the year 1726. His father was a gentleman of 
good family and independent fortune. 

Mr Pennant has himself given us the chief particulars of his life in a small work which he plea* 

' santly chose to write in the character of his own shade : it is entitled " The Literaiy Life of the 
late Thomas Pennant, Esq." In this publication he informs us that his leal in the pursuit of Natural 
History was first excited by a present of Willughby’s Ornithology, which was made to him by a re- 
lation, when be was about 12 years of age. In 1754 he was elected a Fellow of the Antiquarian 
Society, and in 1767 a r.n.s.; having distinguished himself by his ingenious and useful work the 
British Zoology, and other scientific publications. The British Zoology was at first undertaken for 
the Benefit of a Welsh school, but the splendid nature of the wofk in its folio form seems to have 
operated to its disadvantage as an affair of profit, and it was never continued on a similar scale, but 
was republished in 4to, in which state it is too well known and esteemed to require particular de- 
scription. In 1757 Mr. Pennant was, at the instance of Linnaeus himself, made a member of the 
Boyal Academy of Sciences at Upsal, and he continued to correspond with Linnaeus till the age and 
infirmities of that illustrious naturalist obliged him to desist. In 1765 Mr. Pennant travelled into 
France, where be passed some time with the celebrated Count de Buffon. He went into Switzerland, 
where he commenced an acquaintance with Haller, and at Zurich with the Gesners, one of whom 
was the descendant of the famous Conrad Gesner. He then visited Holland, and at the Hague 
found the celebrated Dr. Pallas, with whom he ever after maintained a constant correspondence on 
subjects of natural history. In the midst of these his reigning pursuits be never neglected the com- 
pany of convivial friends, or shunned the society of the gay world. Mr. Pennant lived some years 
after the publication of his Literary Life, during which time he still pursued, with as much assiduity as 
his increasing infirmities would permit, his usual course of study, and died at his seat at Downing in 
Flintshire in the year 1798. It remains to add, that Mr. Pennant's person was elegant, his manners 
in the highest degree polished, aud what is of infinitely more importance, that his character was 
equally estimable. 

The publications of Mr. Pennant are numerous, and are remarkable for variety of information, 
which is generally detailed in a very entertaining manner. His tours in Scotland, Wales, &c. are 
held in great esteem. His Indian Zoology contains descriptions, accompanied by plates, of a few 
of the rarer Indian animals, but was never continued to any farther extent. His “ Outlines of the 
Globe," a vast work, has as yet been only published in part : of this the “ Arctic Zoology" can 
hardly be too much commended : the parts relative to India, New-Holland, and some other regions 
have also appeared ; and it is greatly to be wished that the whole of a work so much abounding in 
general as well as zoological and geographical information should at length be presented to the public. 
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covered with small shallow polygonal cells, the stalk excepted, which is perfectly 
smooth. 

Fig. 2 is a small fungites from the same place, of the same size with the 
figure ; the top is convex, and thick set with minute circular cavities ; the stalk 
tends to a conoid form, and is coarsely striated lengthways. 

Fig. 3 has a very deep cup-like cavity in it, the bottom of which is very finely 
radiated ; the remaining part covered with small tubera, not unlike those that 
sometimes are seen in the insides of. flints and pebbles. Externally it is irregu- 
larly cellular, but the stalk is striated. 

Fig. 4 is a very singular body, and the most remarkably shaped fungites I ever 
saw, being exactly oval on one side, and fiat on the other, without the least appear- 
ance of stalk. The oval or lower part is reticulated with polygonal cells, like 
fig. 1. The flat or upper part is striated semicircularly, the striae passing from 
one side to the other, and then reverting. 

Fig. 5 he received out of Italy, under the name of lapis subluteus Veronensis 
, stellis majoribus. The surface is finely marked with star-like cells, which are 
elegantly striated from their centre ; and their edges rise a little prominent. The 
lower part of this stone is of a conoid shape, and irregularly indented with coarse 
> circular rugae. 

Fig. 6 was found at Coalbrooke-dale ; is of a^white colour, and very smooth 
both on the sides and top, without any appearance of striae : but what renders 
this very singular, is the remarkable thinness, its greatest diameter not exceed- 
ing the 8th of an inch. 

Fig. 7 was found at the top of one of the highest mountains in this county, 
near Caer-gwrle, in a reddish loamy soil, with various other diluvian remains. 

It is of a conoid shape, but considerably incurvated; the sides are striated 
lengthways, and likewise circularly, but the circular striae are much less frequent 
than the others. At the thicker end there appears to have been a deep cup-like 
cavity, the greatest part of which had by some accident been destroyed, but what 
remains is radiated with thin and very prominent ridges placed at equal distances 
from each other. On one side is a small fiat fungites. 

Fig. 8 is a fungites from Coalbrooke-dale, seemingly formed of 3 or 4 smaller, 
inserted one into the other. It has the same cavity on the top as the former, 
with a minute striated concha anomia in it. Fig. Q. This fungites is almost 
straight ;• has a small cup-like striated cavity on the upper end ; is encompassed 
with prominent ridges on the sides ; and is striated lengthways. Fig. 10. This 
species came from Piedmont, and differs from all the rest. It may be called an 
echinated fungites, having 6 orders of sharp-pointed studs running lengthways 
from top to bottom, and between each order appear some very minute longitudi- 
nal striae. The upper part, instead of a cavity, is composed of several thin la- 
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mellae rising above the sides. Fig. 1 1 is a Coalbrooke-dale production, and is a 
cluster of fungi tae, though only 2 appear in the figure. This varies from some 
of the foregoing in the shape of its head, in the middle of which is a shallow 
circular cavity, its sides rising a little prominent, and the striae, which commence 
the inside, pass over the ridge, and are continued to the edges. Fig. 12 is from 
the same place. The cup-like cavity in this is pretty deep, and radiated with 
deep strigae : and the sides are marked with very distinct ridges running length- 
ways, though sometimes interrupted by circular furrows. 


LXX1. An Account of Inoculation , by Sir Hans Sloane, Bart, given to Mr. 

Ranby to be published. Anno 1736. p. 51 6. 

Sir H. S. had heard by several reports from China and Guinea, but especially 
from Turkey, of the inoculation of the small-pox ; and took an opportunity, 
when Dr. Wm. Sherrard was English consul at Smyrna, to desire the favour of 
him to inform him of the truth and success of it. In answer to which he told him, 
that the consul from Venice residing there, a physician, Dr. Pylafini, had taken 
particular notice of that practice, and had promised to satisfy him about it ; 
which he did by a letter, which was printed in the Phil. Trans, in 17 * 6 , and he 
believed at Venice. 

This notice lay dormant till Mr. Wortely Montague, (then ambassador from 
England at the Porte) and the Lady Mary had inoculated their son at Constanti- 
nople, and wrote about this practice, and the advantages of it, to the court and 
their acquaintance here, and afterwards brought into England their inbculated 
son, in perfect health. 

The princess Anne, then princess royal of Orange, falling ill of the small-pox in- 
such a dangerous way that her life was doubtful, the late Queen Caroline, when 
princess of Wales, begged the lives of 6 condemned criminals, who had not had. 
the small-pox, in order to try the experiment of inoculation upon them. But 
Mr. Maitland, who had inoculated at Constantinople, declining for some reasons 
to perform the operation, lest it should be lost. Sir H. wrote to Dr, Terry at 
Enfield, who had practised physic in Turkey, to know his opinion and observa- 
tions about it ; who returned him this answer, that he had seen the practice 
there by the Greeks encouraged by their patriarchs ; and that not 1 in 800 had 
died erf the operation. On his speaking to Mr. Maitland, he undertook the 
operation, which succeeded in all but one, who had the matter of the small-pox. 
put up her nose, which produced no distemper, but gave great uneasiness to the- 
poor woman. After their recovery, in order to obviate the objection made by 
the enemies of this practice, that the distemper produced by it was only tfte- 
chicken-pox, swine-pox, or petite verole volagere, which did not secure persona- 
against having the true small-pox, Qr. Steagertahl, physician to the late king,. 
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and Sir H. joined their purses to pay one of those who had it by inoculation at 
Newgate, who was sent to Hertford, where the disease in the natural way was 
epidemical and very mortal, and where this person nursed and lay in bed with 
one, who had it, without receiving any new infection. 

To make a further trial;, the late queen Caroline procured half a dozen of the 
charity children belonging to St. James's parish, who were inoculated, and all of 
them, except one (who had had the small-pox before, though she pretended not, 
for the sake of the reward) went through it with the symptoms of a favourable 
kind of that distemper. 

On these trials, and several others in private families, the late queen, then 
princess of Wales, (who with the king always took most extraordinary, exemplary, 
prudent and wise care of the health and education of their children) sent for Sir 
H. to ask his opinion of the inoculation of the princesses. He told her royal 
highness, that by what appeared in the several essays, it seemed to be a method 
to secure people from the great dangers attending that distemper in the natural 
way. That the preparations by diet, and necessary precautions taken, made that 
practice very desirable ; but that not being certain of the consequences which 
might happen, he would not persuade nor advise the making trials on patients of 
such importance to the public. The princess then asked him, if he would dis- 
suade her from it : to which he made answer, that he would not, in a matter 60 
likely to be of such advantage. Her reply was, that she was then resolved it 
should be done, and ordered him to go to the late King George the first, who. 
had commanded him to wait upon him on that occasion. He told his majesty 
his opinion, that it was impossible to be certain but that raising such a commo- 
tion in. the blood, there might happen dangerous accidents not foreseen: to 
which he replied, that such might and had happened to persons, who had lost 
their lives by bleeding in a pleurisy, and taking physic in any distemper, let 
ever so much care be taken. Sir H. told his majesty he thought this to be the 
same case, and the matter was concluded on, and succeeded as usual, without 
any danger during the operation, or the least ill symptom or. disorder since. 

Sir H. had been consulted with on the like occasion by many, and was of opi- 
nion, that since it is reckoned, that scarcely 1 in 1000 misses having it some 
time iu their life, the sooner it is given them the better, notwithstanding the 
heat of summer, or cold of winter; the danger bang greater from foiling into 
the distemper naturally, than from the beat or cold of either. 

What he had observed, which he thought material, is not to inoculate such as 
have any breakings out on their faces, soon after the measles, or any other oc- 
casion, by which the small-pox were likely to be invited, and come in the face in 
greater number, and so make the distemper more dangerous: Bleeding in ple- 
thoras, or gentle clearing of the stomach and intestines, are necessary j and ab- 
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stinence from any thing heating, about a week before : and nothing else needful 
by way of preparation ; and very little physic during the course of it, unless acci- 
dents happen. 

[Then follows a description of the operation of inoculation, which at that 
time was very rude, and consisted in making an incision into the skin of the arm 
about 1 inch long, and afterwards applying a dossil dipped in the variolous mat- 
ter, and keeping it on for 24 hours, covered with a plaster, &c.] 

Of above 200 that he had advised before the operation, and looked after during 
it and its consequences, but one had miscarried, a son of the duke of Bridge- 
water, in whose family this distemper had been fatal, where the eruption of the 
small-pox was desperate, notwithstanding it was perfectly safe in his sister, who 
had undergone the same preparations, and was inoculated the same day, and with 
the same matter used for her brother. . 

On the whole it is wonderful, he observes, that this operation, which seems 
so plainly for the public good, should, through dread of other distempers being 
inoculated with it, and other unreasonable prejudices, be stopped from procuring 
it. One thing he had observed, that though the persons inoculated were ad- 
vanced in years, it was equally successful as in younger persons. 

LXXII. Of an Extraordinary Agitation of the Water in a small Lake at Close- 
burn, in the Shire of Dumfries. By Sir T. Kilpatrick of Closeburn, Bart. p. 521. 

About a quarter before 9 on Sunday morning, Feb. 1 , 1756, we were alarmed 
with an unusual motion in the waters of Closebum-loch. There was first a 
strong convulsion and agitation of the waters from the west side of the loch to- 
wards the middle, where they tossed and wheeled about in a strange manner. 
Thence proceeded 2 large currents formed like rivers, which ran with rapidity 
beyond all description, nearly contrary ways, one from the middle to the south- 
east, and the other to the north-east points of the loch. There they were 
stopped short, as the banks are pretty high, and obliged to turn, which occa- 
sioned a prodigious tumbling and agitation at both ends of this body of water. 
There was likewise a current, which rose sometimes considerably above the sur- 
face near the west side, that frequently ran with great velocity 1 00 yards to the 
southward, and returning in a moment with as great velocity the other way. In 
the next place, there was a tossing of the waters in the ponds, which were more 
or less moved as the agitations of the loch came nearer this side, or kept at a 
greater distance from it. These agitations and currents continued, without inter- 
mission, for about 3 or 4 hours, wKen they began to abate a little in their violence, 
though they were not quite over at sun-set. This strange phenomenon was 
renewed on Monday morning a little before 9 , and lasted for an hour and a half j 
but the motion of the water was not near so violent as the day before. There 
was no wind all the time. 
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LXXIII. Letters on the Irregularities of the Tides at Chatham, Sheerness, Wool- 
wich and Deptford, in Feb. 17 56, communicated by George Lord Anson,* B'.R.S. 
Letter I. From Mr. M. Godden. Dated Chatham-yard, Feb. 23, 1756. p. 523. 

Mr. G. remarks on the irregularity of the tides, having taken particular notice 
of them by the Lys, a French ship, having broken from her moorings 3 times in 
that week. The first time was on Thursday the 12th instant, at about 10 in 
the morning, it being then about high water, or rather ebb; so that they could 
not get her off that tide, but attended and hove her off the next, at about 9 at 
night, which was sooner than expected by an hour and a half. They then put 
her to another mooring, and about half past 1 1 the same night, she broke from 
them also, and came on shore near the dock, it being then a small matter ebb, 
so that they could not get her off that tide, but attended her the' next, till half past 
1 1 on Friday morning to do it, it then being about the time of high water, but 
could not ; the tide being not so high by 5 or 6 feet as it was the tide before, 
though it should have been higher, as they were increasing. And he further 
took notice at the same time, that the tide was at a stand several minutes, and 
then flowed again near a foot in height before it ebbed, and the next tide, at 
half past Q at night, they got the ship offj though they did not expect she would 
have floated till near 12 : and again in transporting her up to her moorings, 
there was little or no tide ran from 10 to 12, which was about the time of high 
water ; which they greatly wondered at, as it was quite calm. All which irregu- 
larities he imagined to be owing to the wind, having had very hard gales for 
most part of that week. 

Letter 2, from Mr. Mic. Monasty, dated Sheerness , Feb. 23, 1756. p. 525. 

The day tide on the 13th instant was very remarkable; for it ebbed no more 
than 2 feet and a half for 4 hours after high water, when it was observed to 
flow again for a few minutes ; then ebbed again, but so little, that at low water, 
we had 7 feet water at the stem of the dock, which is Sr feet more than was 
ever known to be. It blew very hard in the morning on the flood, with the 
wind to the southward of the west, and on the ebb in the afternoon the wind 
abated and veered to the north-west, to which he then, in part, attributed this 
phenomenon, as a northerly wind forces water into this river, and always makes 
high tides, and a southerly wind the contrary. 

* The celebrated circumnavigator; he commanded the Channel fleet in 1747, when he captured 
6 French men of war and 4 East Indiamen ; for which and other services he was created a peer by 
George II. He was afterwards appointed first Lord of the Admiralty, and admiral and commander 
in chief of his majesty’s fleets. He died in 1762, aged 65. The interesting narrative of his voyage 
round the world was composed under his own inspection, not by his chaplain as was long believed, 
but by Mr. Benj. Robins. The title, which became extinct on the death of his lordship, has beem 
lately revived in the person of Thomas Lord Anson of Shugborough. 
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Letter 3, from Mr. Walter Taylor, dated. Woolwich Yard, Feb. 25, ] 756. p. 52 6. 

The tides the last week, and even for some days this week, have been very 
irregular and unusual. 

Feb. 9 , wind s. tides very irregular. Feb. 10 and 11 , the same. The 12 th, 
the night tide flowed about 2 feet 10 inches higher than the morning tide. The 
13th, the night tide flowed about 3 feet higher than the morning tide. The 14th, 
15th, 16 th, 17 th, the tides more regular. The 18th, the flood came in much 
sooner than usual, and seemed to flow gradually at first, but between 1 and 2 
p. m. the tide flowed several feet, as on a sudden, and continued flowing till 3 . 
past 3, being some time longer than it was expected it would, and they had » 
high tide. The 19 th, this day’s flood did not hold so long by a quarter of an 
hour as yesterday’s, and not so much water by several feet. The wind being to 
the westward, and a frost, greatly checked the tide. Since which,, the tides 
have been very regular. 

In a 4th letter from Deptfbrd-yard, similar irregularities were observed. 

LXX1V. And the same in the River, near London, by a Letter from Robert 
Dingley, Esq. F, R. S., dated London, March 8, 1756. p, 530. 

LXXF. Thoughts on the Rev. Dr. Hales's New Method of Distillation, by the 

United Force of Air and Fire. By William Browurigg, M. D., F. R. S . 

Dated Whitehaven, Dec. 3, 17,55. p.534. 

In the process of distilling sea water, as described by Dr. Hales, the great in-, 
crease of vapour raised by hjs method, above what is raised by the common 
method of distillation, may be attributed chiefly to the violent agitatiou of the 
wafer contained in the body of the still, by the motion of the air oontinually 
pressed through it Though the air, by attracting the watry particles, may also 
contribute to produce this effect. It is however certain, that a simple meohar 
nical agitation of warm water will greatly promote its evaporation, by increasing 
itfi surface, from which the vapours arise, and by putting its heated, particles in 
a, brisker motion, thus exciting between them actions and reactions, and so die* 
posing them to fly off in elastic vapours. Of tins we have instances in warm 
water, when simply stirred about in vessels,, or poured out of one vessel into 
another ; from which the vapours visibly arise in larger quantities, than from 
the same water when it is not moved by such mechanical agitation. 

This excellent invention of Dr. Hales may probably be applied to other, pur- 
poses, besides that which he had principally in view* viz, the distilling of sea- 
water with greater ease and expedition, with less fuel, and ia ffiriflrr ritirwli, 
then has hitherto been practised, for die benefit of navigators. It might' bo of' 
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singular use, if it could be. applied in the fire-engine. The great expence of 
large boilers in the construction of that machine, and the vast consumption of 
fuel in the working of it, render its uses much less extensive than they would 
be, could those expences be contracted. But air cannot be applied in this en- 
gine, to increase the quantity of the elastic steam, since it would pass with the 
steam from the boiler into the cylinder, and prevent a vacuum from being there 
produced, and hinder the piston from moving in it. 

A mechanical agitation of the water in the boiler of the fire-engine may how- 
ever be produced by other means, so as thata larger quantity of steam may pro - 
bably be raised, than can be effected in engines as commonly now constructed ; 
by which means the expences of constructing and working those useful machines 
may perhaps be greatly lessened. 

If, for example, the boiling water, instead of being agitated by air, as in Dr. 
Hales’s method, was briskly stirred about by a wheel placed in the boiler of the 
fire-engine ; it -is probable, that by this means the quantity of elastic vapour 
raised might be considerably increased, and less fuel and a less boiler might then 
serve the purpose. The wheel might be turned round by the water drawn up 
by the engine ; or might receive its motion from the beam of the engine by 
means of a crank ; or a labourer might be employed in turning it round with 
the hand. 

But the desired effect might, in all probability, be better produced by means 
of elastic steam driven briskly through the boiling water. The steam of water, 
as an elastic fluid, possesses many of the properties of common air. Like air, 
when driven briskly from the seolipile, it is observed to blow up fire ; and when 
forcibly driven through water, will doubtless produce the same agitation, as is 
done by common air in Dr. Hales’s experiment ; and may probably have the 
like effect with air, in elevating a larger quantity of elastic vapours. In order to 
excite an agitation in the boiling water of afire-engine, by means of elastic steam. 
Dr. B. then proposes various means for this end. He also shows how the steam 
from the boiler of such an engine may be greatly increased in its strength, by 
heating it, by causing some part of the pipe that conveys it from the boiler to 
the cylinder, to be kept red hot, by making it pass through a fire. 

LXXFI. Of an Extraordinary Motion in the Waters in the Lake Ontario in 

North- America. From Governor Belcher's Lady ; dated Elizabeth-town , 

New- Jersey, Oct. 22, 1755. p. 544. ; 

I take this opportunity to acquaint you with a strange phenomenon of the 
lake Ontario, where general Shirley has posted himself with 2000 men, at fort 
Oswego. A person lately come from the camp reports, that about a fortnight 
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LXXVIL Of an Earthquake fell at the Hague, on Wednesday the 18 th of Feb. 
1755. By Mons. Groveslins , Master of the Horse to his R. H. the Prince of 
Orange, p. 544. 

On Wednesday morning, 12 minutes after 8, there was a shock of an earth- 
quake. His chair received 5 successive shakes. The sconces in the chamber 
were also moved. Ten or 1 2 minutes after, he perceived a 2d shock, but not 
so strong as the former. The wind was s.w. Immediately after, the earthquake 
it turned n. e. It was also felt at Maestricht and Utrecht. 

LXXF1II. Of the Same Earthquake felt in Holland , Feb. 18, 1756, In a 
Letter from Mons. Allemand, Professor of Natural Philosophy at Leyden, and 
F. R. S. p. 545. 

This article contains observations similar to the preceding one, and also re- 
marks that the earthquake was felt throughout the whole territories of the 

republic. 

LXX1X. Of the Earthquakes felt at Brussels; in a Letter from John Pringle, 

M.D., F.R.S. p. 546. 

By a letter, which Dr. P. received from Dr. Brady, physician to the court at 
Brussels, he finds they felt in that city this winter 3 several shocks of an earth- 
quake. The first was on the 26th of December; the 2d on the day following; 
and the 3d on the 18th of February ; being the same day it was said to be felt 
on our coast, between Margate and Dover ; but the hour is not mentioned. All 
these Shocks he says greatly alarmed the inhabitants; but were otherwise attended 
with no bad consequences. Dr. Brady adds, that he was told by a gentleman 
from Liege, that the men who were at work in the coal-pits, and particularly in 
some of the deepest near that city, had assured him, that they heard the rumb- 
ling noise preceding the shock as over their heads ; while those who were above- 
ground heard the same kind of noise as under their feet. 

LXXX. On the Sinking of a River near Pontypool in Monmouthshire. By Mr. . 

Edward Matthews . p. 547 • 

The 1st day of January 1756, a poor woman, living near the mouth of the 
river, sent her daughter for water, a great flood appearing in the river just before, 
who returned in surprise with the account, that it was dry. The river is called 
by the name of Frooyd, running between two steep hills, or woods, but not very 
high; it proceeds from water from the adjacent mountains, and seems penned up 
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and iet out precipitately, to cleanse the iron ore lying near the surface on the. 
sides of these mountains, which greatly discolours the water, which at these, 
times, and after he&vy rains, is so rapid and violent, as to carry down prodigious, 
quantities of large stones into another river called Avon Looyd. . Mr. M. walked 
up the Frooyd on the bottom of the river, it being quite dry, up to the chasm, 
that now receives the water ; if is about 20 feet wide ; and when its banks are 
full, about 8 or 10 feet deep ; but now filled up to 15 feet with stones carried in 
by the water. Thfece .is a Jime-stone rock near the surface, about 2 feet thick, 
lying in large beds 2 or. 3 feet square, more or less in some places, .joined close, 
in others. On one. side of the river near this hole, are 3 pits sunk at the same 
time, the one :within 10 yayds, of which there was no appearance before ; the 
other two at about 30 yards up the side of the hill, which have been observed, 
for many years, though nobody knew the cause of them, are now sunk some 
yards deeper, and some trees and shrubs, that were round the edge of the pits,' 
with the ground on which they grew, are. sunk down near the bottom.. . These- 
pits at top are about 12 yards diameter, gradually narrowing to a centre, in shape 
of a funnel or tun-dish. Under, it is supposed, is this cavity, through which 
the river now runs, extending itself in one place under the river Avon Looyd, at 
about a mile distance, where it broke out a few days after, in several places, on 
the opposite side of it, where were 3 small springs. The reason for this conjeo-. 
ture is, these springs were observed to be always clear till a few days after the:, 
sinking of this rock, but now continue to send forth, large .quantities of this 
water, which varies in colour like the water received in at the hole. 

LXXXI. On the Agitation of the Waters , Nov. 1, 1755, in Scotland and at 
Hamburgh. Communicated by John Pringle, M. D., F. R.S, p. 550. . 

About 10 o’clock of the forenoon of Nov. 1, a gentleman at Queen’s-ferry,, 
a sea-port town on the Frith of Forth, about 7 miles higher up than Leith, 
observed the water rise-very suddenly, and return, again with the same motion,, 
which he. judged to be about .12 or 18 inches perpendicular, which made the f 
barks and boats then afloat run forwards and backwards on their ropes, with great 
rapidity; and this continued for 3 or. 4 minutes, it being then, calm ; but after 
the 2dor3d ruah of wafer it /was alwbys less. . : 

The following phenomenaare well vouched to have happened at Hamburgh, 
the 1st of November 1755. In one of the churches many persons, that were 
present, observed an agitation of the branched candlesticks hanging frpro the t 
roof, about, l In the afternoon. . In another. church, the coyer ■ of the . baptistery- 
hanging from the.rQQf was also remarked.to be agitated; -and the, ljbe motions 
are said to hhve happCned.in other chhrches, Also the water in the canal 
through the town, and in the river Alster, wis agitated the same day. .. It. is der 1 
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scribed first to have formed several gentle whirlpools, thence to have risen more 
and more impetuously; throwing about mud brought up from the bottom, and 
at last to have subsided with a copious white froth. The Elbe rose in some 
places still more violently. 

LXXXII. Microscopical Observations: in a Letter from Edward Wright, Esq. 
dated at Paris, Dec. 26, 1755. p. 553, 

It appears from the experiments of M. de Buffon and Mr. Needham, that 
animal and vegetable substances infused in boiling water, put into bottles com- 
pletely filled, and so closely stopped that no air can enter, and even kept for 
some time in .hot ashes, that in case there should be any latent ova of insects 
they may effectually be destroyed ; yet it appears from the said experiments, that 
such substances, notwithstanding such precautions, afford microscopical animal- 
cules of various kinds, and that sooner or later, according to the greater or less 
degree of exaltation in the substances. Hence they- conclude, that there is a 
real productive force in nature, by which these animalcula are formed. 

Having read the accounts of these experiments, Mr. W. was desirous to make 
some of the same kind, which he accordingly did, in the summer of the year 
1752. Though the greatest part of the animal substances, on which he made 
any experiments, treated in the maimer above-mentioned, yielded, Booner or 
later, great numbers of microscopical animalcules ; yet most of the vegetable 
substances, whether from the coldness of the season, which was not very favour- 
able that year, or through some fault in preparing the infusion, entirely failed, 
and underwent a fermentation, without ever giving the smallest signs of any 
thing endowed with life. 

May 1, 1752, at II o’clock forenoon, Mr. W. made art infusion of dried 
millepedes, or wood-lice, such as are commonly kept in the apothecaries’-abops. 
These he put unbruised into a small phial, so as to make it haiffull ; then poured 
on them as much boiling water as filled it neck and all, stopped it with a well 
masticated cork, and put it into a pocket, where it was kept in a mild degree of 
warmth. He let it remain till 10 o’clock the same evening, when he examined! 
a drop of the infusion with the highest magnifier of a very good microscope 
made by Mr. Clarke of Edinburgh. He found- the whole swarmingwith oblong, 
slender, flattish pellucid animalcules, pretty nearly of the same breadth through- 
out the whole length of their bodies, and without any appearance of a tail, figi 
13, pt. I<5, all evidently of the 9a«ne kind, though hot all of the same length 
and dimensions, extremely vivid, and, as appeared, spontaneous tfn their motions* 
which they performed in all directions m an undttlatory* vermicular ways ;; i.ynr ; 

Observing the speedy appearanoe of these animalcules* he wisbed to kites*, m, 
bow short a time they might be produced^ for which ptupase, May *d* he andd 
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just such another infusion, putting it into his pocket, as before, and an hour 
afterwards laid a drop of it before the microscope, while it was as yet milk warm. 
He observed a very few of these minute bodies moving about briskly in the fluid. 
An hour after this more of them appeared ; and before the end of the 3d hour, 
the infusion contained a great number of them. They continued however to 
increase in numbers for an hour or two afterwards, when the infusion seemed to 
have produced all that it was capable of. 

June 3d, he made an infusion in the same way of unbruised cantharides, and in 
much about the same time found the whole swarming with animalcules of the 
same kind as those of the infusion of millepedes. These bodies, which at first 
appeared larger than those in semine masculino, were very soon decomposed into 
smaller ones, to speak according to the doctrine of Messrs. Needham and Buftbn, 
or, as others would rather incline to express it, succeeded by smaller ones, these 
again by others stHl smaller, and so on, until in a few days, the highest magni- 
fier of the microscope could exhibit nothing distinct to the eye. The same sub- 
stances infused in rectified spirits of wine, or other spirits, showed none of 
these bodies; and a few drops of such liquors, or of a solution of fixed or volatile 
alkaline salts, poured into the infusions, instantly destroyed the animalcules. 

Mr. W. declines inquiring, whether these animalcules are produced by the 
decomposition of the substances in which we observe them, which, according to 
Mons. de Bufibn contain a number of living organic particles, or, according to . 
Mr. Needham, a vegetating force in every microscopical point, capable of form- 
ing secondary combinations, microscopical plants, zoophytes, or animalcules^ 
according to the greater or less degree of exaltation, which the several substances 
have attained. Or whether they proceed from ova formerly existing in the sub- 
stances, and capable of enduring a great degree of heat, without being destroyed, 
the germs of which ate sooner or later developed aooordmg to the fitness of the 
nidus, as is the opinion of the learned and ingenious Dr. Parsons, in his treatise 
on the analogy between the propagation of animals and that of vegetables; as by 
entering into a discussion of these different sentiments, a large volume might 
be written without 'perhaps going to the bottom of the matter. Mr. W. there- 
fore only observes, that whichever of these opinions we embrace, thus far seems 
to be certain, that the earlier or later appearance of microscopical animalcules, 
is always in proportion to the degree of tendency to putrefaction in such sub- 
stances as afford them. This is 1 the case not only with them, but likewise with 
maggots in meat, which every body knows are' produced from the eggs of flies. 
The two substances millepedes and cantharides, on which the above observations 
were made, are very putrescent, and die infusions of them soon stunk abominably. 

Castor, though an animal substance, and seemingly very much exalted, 
treated in the same manner as the above-mentioned substances, viewed by the 
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microscope every day, and kept for several months, afforded no animalcules, nor 
seemed to have undergone the smallest change; which confirms what the inge- 
nious Dr. Pringle has observed, that it is antiseptic; and adds weight to thd ob- 
servation made above, that the appearance of such animalcules denotes a tendency 
to putrefaction. Hence Mr. W. thinks that such microscopical observations, ' 
made with accuracy, might.be usefully applied in the investigation of the septic and 
‘antiseptic qualities of animal and vegetable substances; since in this way the first- 
motion of putrefaction may be discovered, before it manifests itself otherwise. . 

> Mr. W. subjoins a few remarks concerning exaltation, which seem to deserve 
attention. All. exaltation, he observes, appears to he -a certain modification of 
-the. salts and oils of bodies: a proper degree of it favours growth and vegetation, 
and sustains animal life: a greater degree of it, which he calls the putrefactive 
exaltation, and to which all organized bodies tend mope , or less, decomposes all 
such bodies, and favours the production of microscopical. ^animalcules, or the 
developement of the ova from which they may be hatched.. A stiH higher degree 
of exaltation puts , a stop to this process, as also to vegetation, and in certain cir- 
cumstances even to animal life, as happens with regard to all acrid chemical pre- 
parations, See. whether of the animal or vegetable kingdom. •«, • ' 

Those who imagine that all salts and oils hurt the vegetating force of matter, 
have fallen into a great error} for whence can such a vegetating force proceed, 
but from a due mixture and modification of the salts. and oils .with.- .the earthy 
principle, which every one allows to be of itself inert? It is true indeed, that, a 
very large portion of salts or oils renders substanoes antiseptic, or very slow either 
of vegetation or putrefaction, as is well known with regard to sea-selt, a large 
quantity of which preserves substances from putrefaction; though, a$ Dr. Pringle 
observes, a smaller one rather forwards that process, as it. does likewise vegeta- 
tion. Castor, which as Mr. W. formerly- observed, is antiseptic, seems to owe 
this quality only to a large quantity of a sluggish fetid oil, which it contains. 

LX XX III. On the Cure of a Paralytic Arm, by Electricity ; by Cheney Hart , 

M.D. p. 558; 

[This was a case of paralysis rheumatica, cured by electrifci ty used conjointly 
with other' remedies.] , ■ > 

LXXXIV. Observations made at Guadeloupe on the Brimstone-hill, in French 
La Souffriere, in that Island. By John And . Peyssonel, M. D. Member of the 
R. A. of Sciences of Paris , &c. and F. R. S. Translated by Dr. Maty. p. 564, 
The island of Guadaloupe is not the only one of the American Antilles, that 
has volcanos and mines of brimstone; few, are without them; they are found in 
Martinico, Dominica, St. Christopher’s, St. Lucia; all which islands produce 
'sulphur, pumice-stones, and other substances usually found in volcanos. The 
' , 1 
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mountain, on- which Mr. P. made, his observations, is called La Souffriere, op 
Brimstone-hill, because it contains ores of sulphur; and its summit constantly 
emits smoke, and sometimes flames. It is very high, and forms a kind of trun- 
cated cone. It rises above the chain of mountains that occupy the centre of the 
island, and run through all its length from north to south. This conical moun- 
tain is about 3 leagues from the sea-shore, . east, west, and south, and therefore 
almost in the middle of the southern part of the island. In-ascending, it is soon 
observed that the woods differ in kind; the trees are smaller, and are no moire 
than shrubs at the top, that is, on a level with the other mountains. Here yon 
meet with none but mountain-mangles, whose wood is crooked and bends down- 
wards, and their bark is a true Jesuits’ bark. Having arrived at the spring-head 
of the river of galleons, south of the brimstone-hill, at the plane called the Three 
Springs* the waters were so hot as not to be borne, The neighbouring ground 
smokes, and is full of brown earth like the dross, of iron.. In .other places the 
earth is red .like colcothar, and even dyes the fingers; blit these earths are taste- 
less. Near these 3 burning hot springB are some others,, that are lukewarm,. and 
some very cold. They put some eggs into the hot ones, and. they were boiled ia 
3 minutes, and hard in. 7. 

Going on, about the length of 400 paces, they began to get sight of the 
windward, or of the. eastern coast of the island. Having passed this moun- 
tain of the 3 rivers, and the valley between it and the Brimstone-hill, they began 
to ascend the latter, where they were obliged to help themselves with their hands, 
feet; elbows* and knees, and to hold by the fern, aloes, and other plants, some 
.of which were prickly, and very troublesome. They were about an hour and a 
half getting up to the height of about 500 feet, when they reached, the gulf, at 
the place whence the smoke .issues. This place is at the foot of a. steep bank, 
arid may be about 25 toises in breadth : there is no, grass ; to be seen,, nothing 
hut sulphur and calcined earth ; the ground is full of crevices,, which, emit smoke 
or vapouts; these cracks are deep, and you hear the sulphur bojl.. Its vapours 
rising yield very fine chemical flowers, or a. puce and. refined sulphur. It is 
chiefly found in those places where the earth lies hollow, and on the chinks or 
funnels you see the spirit of sulphur nun. down like fair water,, and you breathe an 
intolerable smell of brimstone. The ground is loose, so that they could thrust 
their canes up to. the head,, and. when drawn out they were as hot as if they had 
-been plunged into, lime when, slacking. Hastening out of this dangerous situ 
ation, they continued climbing to the top. pf the mountain, keeping to the east, 
or windward. When at the summit,, they discovered another gulf or funnel^ 
that opened some years since, and emits nothing but smoke,. The top of. the 
mountain is. a very uneven plain, covered' with heaps of burnt and calcined -earth 
of various sizes; the ground smokes only at the new funnel, but appears to have 
formerly. burnt in many places: for they observed abundance of these , cre^icee 
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and even gutters, and very large and deep chinks, which must have burnt in 
former times. In the middle of this flat is a very deep abyss, or precipice. It is 
said, there was once a great earthquake in this island, and that the Brimstone- 
hill took fire, and vomited ashes on all sides, and this mountain cleft in two; 
when probably this abyss or precipice opened. Perhaps the volcano having been 
fired by lightning, the salts of the earth joined with the sulphur produced the 
effect of gunpowder, and occasioned this dreadful earthquake. The mountain 
having split, cast forth ashes and sulphureous matters all around, and from that 
time no earthquake has been felt in the island. This abyss, in the middle of 
the flat, is behind two crags or points, that rise above the mountain, and on the 
north side answers to tlie great deft, which goes down above a thousand feet 
perpendicular, and penetrates above a hundred paces into the flat, and is more 
than 20 feet broad; so that in this place the mountain is fairly split, from the 
top down to the basis of the cone. 

From the top of this mountain there is a most delightful prospect. You dis- 
cover below the islands of Martinique, Dominica, Marigalante, and the whole 
extent of Guadaloupc. Those of St. Vincent, St. Kits, and even St. Martin, 
are said to have been seen from the top of this mountain. Montserrat, Antigua, 
Nevis, Radonde, and several other islands, wire very distinctly observed. The 
air at top is bleak and sharp, but the cold not very intense. Here the party had 
only time to examine the great cavern and the great cleft above it, and then with- 
draw to the habitation whenoe they came, being very weary ; for in coming down 
they were often obliged to slide, sometimes sitting, sometimes lying on their 
backs, and holding by the fern. They were often almost buried by tumbling into 
holes. They met with abundance of nests of black devils, a kind of sea-birds, 
that come from the north, and hatch their young on this mountain. 

Any quantity of brimstone might be fetched from this mountain, even ship- 
loads. It might be refined on the spot, or made up into lumps to be sold, and 
shipped in the ore, if necessary; but it is too cheap a commodity to be worth 
gathering up in a country, where the price of labour is so high from the scarcity 
of hands. Bright yellow brimstone with a greenish cast might be gathered round 
the vent-holes of the burning gulf, also large quantities of fine natural flowers, 
or very pure sulphur. What passes in this mountain may be called a natural 
analysis and distillation. The brimstone takes fire in the centre of the earth, as 
in chemical operations, when the mixture of spirit of nitre and oil of turpentine 
suddenly produces a surprizing heat and flame: in like manner an oily and sul- 
phureous exhalation inflames and sends forth fires, which the ignorant vulgar - 
take for shooting or falling stars. The flowers rise with the add spirit, which 
being condensed by the cool air, falls down in drops. By fixing bell-glasses to 
the apertures of the funnels, one might collect a spirit, that rises naturally. One 
of them having thrust his cane too far into one of the funnels, and not being 
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able to pull it out again, helped himself with the blade of. his sword to catch hold 
of it. In an instant they saw the hilt quite wet, and the water dropping off, and 
when he drew it out, they were surprised to find the blade extremely hot. 

JjXXXFI. Of the Earthquake, felt Feb. 18, 1756, along the Coast of Eng- 
land, between Margate and Dover , in a Letter from Mr. Samuel Warren. 
Communicated by John Pringle, M. D ., F. R. S. p. 579. 

This earthquake happened a little before 8 in the morning. Many persons 
felt it by the shaking of their beds, &c. at Margate, Deal, Dover, Sandwich, &c. 

LXXXV1I. On the Stones in the Country of Nassau, and the Territories of 
Treves and Cologn, resembling those of the Giants* Causey, in Ireland. By 
Abraham Trembley, F. R. S. Prom the French, p. 581. 

These stones were in a quarry, near Weilbourg in the country of Nassau, on 
the declivity of a hill; it had not been dug into above 20 feet deep, and 40 long. 
This quarry consists of a mass of stones of an almost regular form. He could 
not discover at what depth these stones extended under-ground. They appeared 
very near the surface of the earth, where the quarry lies. And there was a pretty 
considerable space of ground, in which the top of the stones appeared, and where 
it was easy to examine the shape of their upper ends. It is very far from being 
the same in all of them; but when a number of them are compared with one 
another, we find reason to conclude, that the hexagonal form is the most com- 
mon. .The more regular the figure of these extremities is, the more it approaches 
to that of a hexagon. The two ends of every stone appeared, for the most part, 
to have the same shape. The sides of the stone are of the same form with the 
ends, and are plain. Every stone is therefore a prism of a certain number of 
sides. They are from 3 to 8 sides, and of all the intermediate numbers. The 
length of the prisms is unequal, from 2 to 5 feet long. The thickness of them 
is not at all' more equal: it is of 9 inches and under. Many of them form & 
pillar by lying one upon another; all their ends and joints plain. The pillars^ 
formed by several of those stones, are placed exactly one against the other, with- 
out having any void between them. They are in a situation almost perpendi- 
cular. On breaking these stones, their colour appears clearly to be black. It is 
a kind of pretty hard basaltes. It strikes fire with steel ; and it appears to be very 
like that of the Giants Causey in Ireland. 

This stone must be very common in the country of Nassau. At sbme leagues 
distant from Weilbourg, is an old castle almost entirely built of it. in going 
from Weilbourg to Coblentz in the electorate of Treves,- he observed on the 
road thither, in the towns and villages through winch he passed, that this ba- 
saltes was made use of in the buildings and pavements. He made the same re*> 
mark in his journey from Coblentz to Cologn through Sonne. He found a 
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pretty large heap of it in a village 3 leagues from Bonne. In continuing his 
journey along the Rhine, in his way to Bonne, he saw in the river, the waters 
being .pretty low, a. rock, which stood a footer two out of the water, which was 
a mass of those prisms of basaltes, the heads of which appeared; and which he 
concluded was the top of a natural mass of the stone. Hence he was convinced 
that there were quarries of it along the Rhine. In coming near Bonne, the 
parapet-walls along both sides of the high road, are found built of these basaltes 
■stones. There are many of them in the old walls of the ramparts of Bonne and 
Cologn, and in the pavements of those cities. Borne authors mention quarries 
of this Basaltes in Upper and Lower Saxony, and in Silesia. 

Those who have made observations on salts, and inquiries into stones, mine- 
srals, and metals, know how common crystallizations are in nature. A very 
great variety are found in searching mountains, visiting caverns, and descending 
into mines. There are few of the naturalists, accustomed to these researches, 
who shall observe the basaltes above mentioned, but will be inclined to consider 
them as so many crystallizations. 

1. XXXVIII. Account of a Work published in Italian by Vitaliano Donati , M.D.- 

containing. An Essay towards a Natural History of the Adriatic Sea. By Air. 

Abraham Trembley, F. R. S. From the French, p. 585. 

In this work. Dr. Donati examines both the earth and the sea, and even the 
•soil under the sea, 4o discover their fossils and other productions. His inquiries 
have enabled him to determine, that there is very little difference between the 
Bottom of the Adriatic sea and the surface of the neighbouring countries. There - 
are at the bottom of the water, mountains, plains, valleys, and caverns, just as' 
on the land. The soil consists of different strata placed one upon another;, and 
for the -most part parallel and correspondent to those of the rocks, islands, and 
neighbouring continents. They contain stones of different sorts, minerals, 
metals, various petrified bodies, pumice-stone, lavas formed by volcanos. Istria, • 
Morlachia, Dalmatia, Albania, and some other adjacent countries, as well as 
the rocks, the islands, and the correspondent bottom of the Adriatic sea, consist 
of a mass of a whitish marble, of a uniform grain, and of almost an equal hard- 
ness. It is that kind of marble called by the Italians marmo di Rovigno, and. 
known to the ancients by the name of marmot Tcaguriense. This vast bed of 
marble, injnany places under both the earth and the sea, is interrupted by se- 
veral other kinds of marble, and covered by a great variety of bodies. There 
are discovered there, for instance, gravel, sand, and earth, more or less fat. 

The variety of .these seals under the sea is remarkable. It is to this that Dr, 
Donati ascribes the varieties observed with respect to the nature and quantity of 
plants and animals found at -the bottom of the .sea. Some places ar? inhabited 
By a great number of different species of plants and animals : in others, only some 
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particular species are found ; and lastly, there are other places, in which neither 
plants nor animals are to be met with. These observations not only point out 
the affinity and resemblance between the surface of the earth and the bottom of 
the sea ; but may likewise contribute to discover one cause of the varieties which 
are observed in the distribution of the marine fossils found in the earth. Dr. 
Donati remarked in that vast mass of marble, which is common to the bottom of 
one part of the Adriatic sea, and to the neighbouring provinces' towards the 
east, a multitude of marine bodies petrified ; some of which are so united to the 
stony substance, that they are scarcely to be distinguished. He found in some 
places human bones petrified, which form one mass with a mixture of marble, 
red earth, and stalactites. 

One of the objects, which most excited the attention of our author, w r as a 
crust, which he discovered under the water in divers places, and for a great ex- 
tent It is a composition of crustaceous and testaceous bodies and beds of polypes 
of different kinds, confusedly blended with earth, sand, and gravel. They are 
found at the depth of a foot or more, entirely petrified and reduced to marble. 
At less than a foot deep they approach nearer to their natural state. And at the 
surface of this crust, they are either dead, though extremely well preserved, or 
still living. This observation demonstrates, that stones or petrifactions may be 
formed, and actually are formed, in great quantities under the water. 

It is to be remarked, that these crustaceous and testaceous bodies and beds of 
polypes, are every where mingled in the utmost confusion with each other r 
which shows a striking resemblance between the crust discovered at the bottom 
of the sea, and those of the marine bodies petrified, found in many parts under 
the earth, and especially in Italy. If these marine bodies petrified are naturally 
in that confusion in the sea ; if they were born and die ; and if they have been 
petrified in that state ; it is highly probable, that those which are found under- 
ground in the strata in such confusion, are likewise placed naturally in the same 
manner under the sea, when it covers them, and not by means of extraordinary 
events, such as volcanos and earthquakes, as has been conjectured. 

The more these bodies and beds of polypes multiply, the more their exuviae 
and skeletons contribute to enlarge this crust discovered at the bottom of the sea. 
Dr. Donati remarked, that in several parts it formed very considerable banks, 
and of a very great thickness. Hence it follows that the bottom of the sea is 
constantly rising higher and higher. Divers other causes contribute to it. Snow 
and rain-waters bring down from the neighbouring mountains, into the sea, a 
great quantity of earth and stones. The waves, beating against the shores of 
the continent and islands, detach many masses, which are spread upon the bot- 
tom of the sea. The rivers carry the mud with their waters into the sea, at the 
bottom of which that mud deposits itself. From the rising of the bottom of the 
vol. x. 4 X 
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6 ea, that of the level of the water naturally follows. . Dr. Donati furnishes us 
with a great number of facts in proof of this. He observed, that at Venice, in 
Istria, and in Dalmatia, the level of the waters is several feet higher than it was 
formerly. This elevation of the waters is observed only on the northern and 
eastern coasts of the Adriatic. The sea seems on the contrary, to abandon the 
western coast, that of Italy. This Dr. Donati has showed by many very inte- 
resting facts. 

He proceeds then to the observations, which he made upon the plants and 
animals of the Adriatic sea. He begins with some general reflections on the 
nature of both. On this occasion he treats of the question concerning the re- 
semblance between plants and animals, and in general of the chain, which these 
different organised bodies form by the affinity between them established by na- 
ture. In mentioning the facts, which show this imperceptible transition from 
the class of animals to that of plants, he seems inclined to believe, that these 
facts are most frequently to be met with in the waters. 

After having given a description of several very curious marine plants, he pro- 
ceeds to the beds of polypes. He gives this name to all those organized bodies, 
known under the name of coralline bodies ; and which were, for a long time, 
ranged under the class of plants. He then mentions different bodies, which he 
calls plant-animals, and animal-plants, according to the characters which he 
found belonging to them, and which bring them more or less near to one or 
other of these general classes. 

LXXXIX. On a Parthian Coin, with Characters on the Reverse resembling- 
those of the Palmyrenes. By the Rev. John Swinton, M. A. of Christ- Churchy 
Oxon, F. R. S. p. 593. 

Some years before, Mr. S. met with a small brass medal, in but indifferent 
conservation ; which he discovered, he thinks, by comparing it with others, to be 
a Parthian coin. This medal, he apprehends, exhibits the head of Vologeses the 
3d, adorned with a beard and a tiara, after the Parthian manner, with a beta be- 
hind it, which seems to point out the place in which it was struck. The reverse 
presents a strange sort of instrument or machine, which perhaps may be imagined 
to represent a key, besides some traces of characters in a great measure defkced, 
and which he thinks are 4 entire Palmyrene letters. 

XC. A Catalogue of the Fifty Plants from Chelsea Garden, presented to the 
Royal Society, by the Company of Apothecaries, for the Year 55, pur- 
suant to the Direction of Sir Hans Sloane, Baronet, by John JVilmer y 
M. D., &c. p. 607 ~ 

This is the 34th annual presentation of this kind, completing to the numbec 
of 1700 different plants.. 
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XCI. On the Earthquakes felt at Turin, Dec. 9, 1755, and March 8, 1756. By 
Dr. Vital. Donati, Prof, of Botany at Turin. From the Italian, p. 6l2. 

The cause of earthquakes is unknown to me.' The ancients have observed, 
that earthquakes were accompanied with some particular meteor, and some re- 
markable alteration in the air. Such alterations have been observed at the time 
of the late earthquakes. Who knows, whether an electrical force be not ca- 
pable of moving more than a quarter of our globe ? I have communicated 
this notion to father Beccaria, and I found him almost entirely convinced of it. 

On the 9th of December, at half an hour after 2 in the afternoon, a shock 
of an earthquake was felt here at Turin ; but not a considerable one, so that a 
great number of persons did not perceive it. For my own part I felt it very 
sensibly, being then in the University-pulpit raised very high. The chair, on 
which I sat, was thrown by the shock from one side of the pulpit to the other, 
in the direction of south to north. This shock lasted between 4 and 6 seconds. 
Some minutes after came another shock, but it was extremely slight. Its di- 
rection was likewise from south to north. I have been informed from Milan, 
that about the same hour, and on the same day, a shock of an earthquake had 
been felt. The waters did not rise, and yet a good deal of motion was observed 
in those of the lakes. For 3 days the waters rose from underground in the lower 
apartments of the houses situated near the east gate. The springs that water 
the lands in the country, became more copious. 

On the 28th of December at 6 o’clock, according to the Italian way of reck- 
oning, a slight earthquake was felt at Padua. 

On the 8th of March, at half after 1 1 in the morning, in the French way of reck- 
oning, I felt 2 shocks directed from above downwards, but they were very slight. 

Cl I. Of a Continued Succession of Earthquakes at Brigue in Valais. IVrittenby 
the Rector of the College of Jesuits at Brigue. From the Latin, p. 6l6. 

Valais, and especially Brigue, have almost every 10 years felt earthquakes, but 
never any so considerable as in 1755. For in that year, on the 1st of No- 
vember, which was so fatal to Portugal, we felt Brigue several times shaken, 
and particularly on that very day. And from that time, especially in the night, 
the walls were perceived by many persons to- tremble ; whence they justly ap- 
prehended still greater shocks of an earthquake. On the 9th of December, 
about 2 in the afternoon, the earth at first made a great noise, and seemed, as it 
were, to give a signal for immediately retiring. This was, not long after, fol- 
lowed by repeated, but slight motions. At a quarter after 2, the earth was again 
shaken, and a much louder noise heard : at last, a little before half an hour 
after 2, all Valais seemed on the point of destruction ; for the earth began not 
only to tremble, but to send forth a horrible noise, and to shake all the buildings 
with so violent a motion in the space of 2 pater nosters, that the houses inclined 
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on each side alternately, and rocked like a cradle : almost all the chimnies were 
thrown down ; all the churches suffered very great damage ; the towers gaped ; 
a considerable number of walls fell down ; and stones of all sizes poured down 
from all the buildings, so that no house at Brigue escaped some injury. 

The whole neighbourhood suffered the same calamity, especially Glisa and 
Natria. In the latter, the roof of the parish church fell at the same moment ; 
and at Glisa, the large church, and especially the tower, were greatly damaged. 
For a great part of the wall of the tower being removed out of its place, fell on 
the roof of the church, and broke it, and demolished the side altar under it. 
At Brigue both the church and college of the jesuits suffered very considerably. 
Fart of the roof of the former fell down ; and all the walls of the college were 
much cracked. In some places the earth opened and immediately closed again ; 
and water rose from the ground several feet high. Some fountains also ceased 
running ; and not a few, never seen before, have flowed from that time. 

From the 9th of December to the 21st, the shocks were repeated eveiy day, 
but still fewer and less violent. On the 21st, at 4 in the morning, Brigue was 
so much shaken, that every body was justly frightened : but no damage was done, 
except the falling down of some stones. From the 21st to the 27 th, we felt 
the earth moved twice or thrice every day at different times. On the 27 th, at 
half after 2 in the afternoon, Brigue suffered a shock almost equal to that on 
the 9th, but of a shorter duration, and attended with scarcely any damage. On 
the 28th, about 6, a. m. there were 2 slighter motions. The 29th was the first 
day free from disturbance. On the 30th, at one in the night, the houses were 
greatly shaken, so that some chimnies, which had been before damaged, now fell. 

On the 2d of January, 1756, at half after 9 at night, there was a slight 
shock. On the 3d, a little before 10 in the morning, there was another gentle 
one ; but none till the 6th, before 8 at night, when a pretty considerable shock 
happened. On the 7th, about 5 in the evening, were two more, as also on the 
8th at half after 8 at night. For the 3 following days all things were quiet. 
On the 1 1th, at 3 in the morning, and again about 8, and on the 12th and 13th 
were some few shocks, but slight. On the 14th, at half an hour after 2 in the 
morning, every thing was put into such an agitation, as js inexpressible ; but the 
damage was but small, as the motiop lasted but 3 or 4 seconds. On. the 15th, 
at half an hour after 5 in the morning, there was a slight shock. It is obser- 
vable, that on this day, and generally for 3 or 4 hours before the earthquake, we 
observed a gentle trembling to precede, and the winds which were before violent, 
to subside of a sudden : and that the motion seemed always to be propagated 
from the south to the north. It is fact, that all the books in our libraiy, 
though of a square form, were all thrown down from the south towards the 
north. I observed the same in the chasms of the ground, which were nearly pa- 
rallel with the meridian. I often remarked likewise, that the Rhone grew turbid 
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a little before the earthquakes ; and I frequently took notice, in the evening 
after sun-set, very long clouds stretched out like a straight line, without any 
breadth, and extended from the south to the north. The earth in some places 
was broken into fissures, but not large ones. 

The writer then goes on to state, that repeated shocks were felt, but gradually 
less violent, from the 18 th of January till the end of the month ; that on the 
6th and 18 th of February violent shocks were experienced, with slight interme- 
diate ones; and that they were repeated slightly till the 26th, when they ceased. 


CIII. Extract of a Letter of Mom . la Condamine, F. R. S. to Dr. Maty , 

F. R. S. Translated from the French. Dated Rome, March 1 1, 1756 . p. 622. 

The Abbe Barthelemi, who is here, has been at Naples. In the manner of 
going on with the manuscripts there, it will require above a century to open and 
paste them all. However it is done with great dexterity. But there is only one 
person employed in it. The Canonico Mazzocchi,. who copies them, is very 
capable of that task. An academy of antiquaries is just founded at Naples, for 
explaining all the antiquities dug up at Herculaneum ; but according to their 
method of discussing things in their assemblies, they will not explain 2 dozen 
antiquities in a year. They will alter their method, and find, that such kinds of 
works, and perhaps all others, are not to be done by a company. The Abb6 
Barthelemi has read very well a page, except a few words, which he had not 
time to study. The account of the manuscript on music is true. 

The measures ©f the Abbi de la Caille, and those of Father Make and 
Father Boscovich do not agree with the elliptica' curve of the meridian, or with 
the circularity of the parallels. And the earthquakes felt on the same day on all 
the coasts of Europe, and in Africa and America, at Ancona, Morocco, Boston, 
and in the Baltic, may contribute to convince those who should doubt of it, 
th?t the earth has immense cavities, and that it is very heterogeneous, or rather 
of a very unequal density. Consequently its figure is a little irregular ; or, if the 
curvature be such as the laws of statics seem to require in the hypothesis of ho- 
mogeneity, that figure must be altered by changes happening in the internal 
parts of the mass. It was at first supposed to be spherical, and the orbits of 
the planets were considered as circular. It was afterwards found that they were 
elliptical, and the earth an eHiptoid. Every step made in the study of natural 
philosophy has discovered some apparent irregularity, according to our manner 
of conception. The refractions, the aberration of light, the nutation of the 
earth’s axis have all been reduced to a calculation. Afterwards was found out 
the irregularity of the refractions on small eminences, which perplex astrono- 
mers. The heterogeneity of our globe will puzzle the mathematicians ; and 
earthquakes will perhaps do so more than all the rest. I have probably observed 
to you before, that I am convinced, that Italy wa6 a chain of volcanos, of which 
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we know only some of the links. I have found lavas exactly like that of Ve- 
suvius in the whole way from Florence to Naples, and in places where there was 
no suspicion of volcanos. All the lakes of Italy, which I have seen hitherto, 
exhibit traces, not to say evidences, of this. 

I begin to think that the whole earth is perhaps in the same case with its 
surface, and was throw’ll into the utmost disorder at some period of time, of 
which no remembrance has been preserved. Lazzaro Moro, a Venetian, has 
gone much further than I do : all the mountains, isles, and continents arose, 
according to him, from the bottom of the sea, by means of subterraneous fires. 
I never heard of his opinion till after I had formed my own conjecture, or rather 
verified the fact in part of the Apennine which I have passed through. I have 
had time only to run over the titles of his chapters. 


CIV. On the Currents of Sea at the Antilles. By Dr. Peyssonnel , F.R.S. p. 624. 

The coasts of these American islands are subject to counter-tides, or extraor- 
dinary currents, which render it very dangerous to chaloupes and other small 
craft to land ; while at the same time the boats and ships' in the roads are 
scarcely ever sensible of them, and seldom incommoded by them ; nor do those 
which are out at sea appear to be affected by them. It is however certain that 
a regular wind constantly blows, in these parts of the torrid zone, from the tropic 
of Cancer, to the equinoctial line, from the east ; inclining sometimes northward, 
and sometimes southward. This wind is called alize, or trade-wind, for reasons 
admitted by philosophers, and it draws the water westward, giving a total and uni- 
form course to that immense quantity, which comes from the great’ river of the 
Amazons, and from an infinite number of other rivers, which discharge them- 
selves into the ocean. These currents passing to the westward, go up to the 
American islands, then to the coasts of Jucatan and Mexico, and running round 
in the gulf, return into the great ocean, by the straits of Bahama, along the 
coasts of Florida, in order to pursue, in the north, the course ordained them by 
the Supreme Being. It is in this course the waters are known to run with an 
extraordinary rapidity ; they pass between the great and little islands of America, 
in the great deeps, by an almost even and imperceptible motion ; but against the 
shores and coasts of these islands, which form this archipelago, these currents 
are very sensible and dangerous; they interrupt the navigation, insomuch that it 
is scarcely possible to stem these tides to get to the eastward. 

It often happens, that vessels steering from St. Domingo, or the other Lee- ’ 
ward islands, to the windward ones, cannot absolutely accomplish it, and are 
therefore obliged to get out of the channel, and steer away to the northward, in 
order to tack up to the windward isles. These are daily observations, and well 
known to all navigators of America. 

Besides these regular currents, there are others, called counter-tides, which 
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are observable on the sea-coasts and shores. In places where these flow, the sea 
rises in an extraordinary manner, becoming very furious without any apparent 
cause, and without being moved by any wind ; the waves rise and open very 
high, and break against the shore, with such violence, that it is impossible for 
vessels to land. These he thinks are chiefly caused by the pressure of heavy 
black clouds sometimes seen hanging over an island or the sea. As to other 
currents in the main seas, or in other particular situations, as the gut and the 
coasts of the Mediterranean, Dr. P. ascribes them to the action of the winds, &c. 

Hurricanes are foreseen by a calm, and a frequent shifting of breezes from all 
points; the setting sun of a blood-red; little clouds moving with great rapidity; 
the sea-birds, called frigates, and many other kinds, quit the air, and seek the^ 
shore. By these signs, together with the season in which these happen the 
hurricanes are expected; proper precautions are then taken to avoid the fury of 
the winds; the houses are propped, the windows and doors are barred up, and 
papers and other valuable moveables are secured in chests. Soon after, a north 
breeze springs up, which comes to the north-east, and from south to south-east ; 
the air is darkened by one continued thick cloud, which increases the horrors of 
the night ; for it often happens, that these tempests come in the night, and con- 
tinue all the next day. In the last hurricane he saw, the wind stood at north- 
east, and blew with such violence, that the largest trees were torn up by the 
roots, their trunks broken to pieces, and not a leaf left on those other trees which 
yielded to the fury of the winds ; the houses were thrown down, and the tops of 
the sugar-mills, which are conical, and less susceptible of being thrown down, 
were crushed to pieces ; scarcely any thing remained standing on the ground. 
These furious winds were accompanied with a violent rain, which resembled the 
mist made by the agitation of waves, or like waters kept up by the wind. The 
tempest lasts till day-light, and sometimes continues pretty far in the day. In 
that in 1 740, towards 8 o’clock in the morning, it grew suddehly calm for a 
quarter of an hour, and then returned again blowing from the south, with such 
violence, that the buildings and trees, which were destroyed by the north wind 
before, were blown about, and moved by the first blast of that from the south. 
At the end of these there appears lightning, and we hear the noise of thunder: 
these are the signs of the tempest’s being at an end ; for the wind softens gra- 
dually, and all becomes quiet. 

After these hurricanes the forests appeared only like a parcel of ship-masts or 
poles standing; all the trees being stripped of their leaves, and their branches 
broken off made a dreadful appearance, especially in these countries, where a 
perpetual verdure adorns the trees and fields. Every one is employed in repair- 
ing his losses, and mending the dismal remains of the frightful wreck. 
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XCV. Of the Lacerta ( Crocodilus) ventre marsupio donate, faucibus Merganseris 
rostrum temulantibus.* By Mr. George Edwards, p. 639. 

What is most extraordinary in this species, and distinguishes it from all other 
crocodiles, is the narrowness of the beak or chaps, which appears like die bill 
©f the bird called a goosander (merganser). It has small sharp-teeth, of which 
he says no more, as he has given 3 very exact, views of the head and beak; see 
fig. 14, pi. 16. Another particularity is a pouch or open purse in- the middle of 
the under side of the belly, which seems to be naturally formed, with round lips 
and a hollow within, perhaps to receive its young in times of danger; as we find 
it in the American opossum. The opinion of Dr. Parsons too was, that the 
opening in the belly was really natural, it having no appearance of having been 
cut or tom open. In other respects it has all the marks common to alligators 
and crocodiles, viz. a particular strong square scaliness on the back, which in 
the young ones appear distinct and regular, but in the older ones lose their dis- 
tinct form, and become knobbed and rough, like the bark of an old tree; and 
in having small, round, and oval scales on their sides, which in the young ones 
are no larger than rape seeds ; and the belly is scaled, to appearance a little like 
the laying of bricks in a building. It has fins on the outsides of its fore and 
hinder legs, as other crocodiles have. It has also a great distinguishing mark of 
the crocodile kind, viz. two rows of fins on the upperside of the tail, which be- 
gin insensibly small at the setting on of the tail, and increase gradually as they 
advance toward the middle of it, where they become one row, and so continue 
to the end. The tail is roundish at its beginning, but from the middle, where 
the two rows of fins become one, it is flat like an oar. The fore feet have each 
5 toes, the hinder feet only 4; which is also a mark of the crocodile; all the 
lesser lizards having 5 toes on each of their hinder feet. In the fore anddiinder 
feet, the 3d and 4th toes only are webbed together. The eyes are very promi- 
nent. The head is covered - with several large scales. The beak is finely creased 
transversely. As I have been very exact, says Mr. E. in my figure, which was 
worked on the copper-plate' immediately from' nature by my own hand, and in 
several different views, it will express more than can easily be conveyed by words. 
It appeared in the spirits all over of a yellowish olive colour, the underside lighter 
than the upper; the upperside having some dusky marks and spots, as repre- 
sented in the print This species Mr. E. believes, when at full growth, to be 
near, if not quite, as large as the common crocodile. 

* This species is the lacerta gangetica, Linn. Gmel. It grows to a larger size than the Nilotic 
crocodile, and. exclusive of the long and narrow form of the snout, it has nearly double the number 
Of teeth : the specimen hero described was so young as to have the opening of the umbilical vessels 
still remaining : otherwise it has no particular ventral cavity, as erroneously imagined by the author. 
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